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1 

POLYMERIZATION OF f AND 
DEPOLYMERIZATION TO, CYCLIC ETHERS 
\ m USING SELECTED METAL COMPOUND CATALYSTS 

5 FIELD OF THE INVENTION 

This invention concerns the polymerization of 
oxiranes, oxetanes, oxepanes, 1,3-dioxolanes, 
1,3, 5-trioranes, and tetrahydrof urans to linear 
polyethers, and the depolymerization of polytetra- 
10 hydrof urans to tetrahydrof urans, both catalyzed by 
selected metal compounds. 

BACKGROUND OF THE INVENTION 
Cyclic ethers are polymerized by various means to 
give products of widespread utility. For instance, 
15 ethylene oxide is polymerized to polyethylene oxide 

which is useful, in lower molecular weight grades, for 
ceramics (as a binder), cosmetics, lubricants, 
polyurethanes; and in higher molecular weight grades, 
for packaging film, denture adhesives, lubricants, 
20 flocculation and for other articles and products. 

Tetrahydrofuran (THF) is polymerized to poly (tetra- 
methylene ether) glycol which is useful in the 
preparation of Spandex fibers; polyurethane resins which 
are useful in elastomeric parts; and thermoplastic 
25 elastomers which are useful for molding various 

mechanical parts. Therefore, improved methods of making 
these polymers are sought- Also useful are methods of 
depolymerizing the polyethers to useful products, such 
as the cyclic ethers from which they were originally 

30 made . Such depolymerizations allow for the recycle of 

off specification or used polyethers to useful products 
such as polyethers; thereby reducing waste. 

U.S. Patent 3,842,019 describes the polymerization 
of oxiranes and other small ring compounds by a presumed 
35 cationic mechanism, using as the catalyst the 
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decomposition products of metal perf luoroalkyl- 
sulfonates. These catalysts are described as "latent", 
that is no reaction occurs until the metal salt is 
decomposed. The reactions reported are relatively slow, 
5 even at elevated temperatures. 

U.S. Patents 5,084,586 and 5,124,417 describe the 
cationic polymerization of various monomers, including 
cyclic ethers, using oniura cations, whose corresponding 
anions are f luororalkylsulf atometallates . Onium ion 
10 catalyzed cationic polymerizations are well known, and 

there is no mention in these patents of the use of metal 
salts not containing onium ions, such as metal 
triflates, as catalysts for the polymerization of cyclic 
ethers . 

15 Japanese Patent Application 51-82397 describes the 

polymerization of tetrahydrofuran using a combination of 
f luorosulfonic acid and a carboxylic acid as catalysts. 
No mention is made of metal salts, such a metal 
triflates as catalysts. 

20 J. S. Hrkach, et al., Macromolecules, vol. 23, 

p. 4042-404 6 (1990) describe the polymerization of 
tetrahydrofuran using trimethylsilyl trif luoromethane- 
sulfonate as the initiator. No mention is made of any 
other triflates as catalysts for this polymerization. 

25 German Patent Application 2,459,163 describes the 

polymerization of THF using a combination of ferric 
chloride and carboxylic anhydride as catalyst. 

G. A. Olah, et al., J. Appl . Polym. Sci., Vol. 45, 
1355-13 60 (1992) describe the use of boron, aluminum and 

30 gallium tristriflate to catalyze the polymerization of 
THF. 

S. L. Borkowsky, et al . , Organometal . , Vol. 10, 
p. 1268-1274 (1991) report that certain zirconium 
complexes can initiate the polymerization of 
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tetrahydrofuran. No mention is made of zirconium 
perf luoroalkylsulfonates, or of copolymers. 

T. Misaki f et al . , Nippon Kagaku Kaishi, p. 168-174 
(1973) report on the polymerization of THF using a 
5 combination of metal aceylacetonates and acetyl 
chloride . 

None of the metal compounds herein disclosed as 
catalysts are mentioned in the above references . 

STTMMARY OF THE INVENTION 

10 This invention concerns a process for the 

polymerization of cyclic ethers, comprising, contacting 
one or more oxiranes, oxetanes, tetrah ydrofura ns, 
oxepanes, 1, 3-dioxolanes or 1/ 3, 5-trioxanes with a 
compound of the formula MZ 3 'Qt , and an accelerator 

15 selected from the group consisting of carboxylic acids 

whose pKa in water is less than 6, carboxylic anhydrides 
and acyl halides, wherein: 

(*£)is a metal selected from the group 
consisting of cobalt, vanadium, niobium, tungsten, 

20 strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
rhodium, iridium, palladium, platinum, silver, gold, 
f zinc) cadmium, mercury, aluminum, gallium, indium, 

25 thulium, germanium, tin, lead, arsenic, antimony and 
bismuth; 

at least one of Z is an anion of the formula 
-OSO2R 5 / wherein R 5 is perf luoroalkyl containing 1 to 12 
carbon atoms or part of a fluorinated polymer wherein 
30 the carbon atoms alpha and beta to the sulfonate group 

arp t-ngether bonded to at least four fluorine atoms, or 

tetraphenylborate, and the remainder of Z is oxo or one 
or more monovalent anions; 
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s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 
cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
5 earth metal, arsenic, antimony, bismuth, gold, iron, 

ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

10 tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
t is 0 or an integer of 1 to 6; and 
provided that each oxo group present counts as two 

15 of s, 

This invention also involves a process for the 
depolymerization of a polyether to a tetrahydrofuran, 
comprising, contacting at a temperature of about 100°C 
to about 250°C, a polymer consisting essentially of one 

20 or more repeat units of the formula 

- [CHR 1 CR 2 R 3 CR 2 R 3 CHR 4 0] - 
with a compound of the formula M2 s -Qt, wherein: 

each R 1 , R 2 , R 3 and R 4 is independently 
hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 

25 M is a metal selected from the group 

consisting of cobalt, vanadium, niobium, tungsten, 
strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum,- tantalum, rhenium, iron, ruthenium, osmium, 

30 rhodium, iridium, palladium, platinum, silver, gold, 
zinc, cadmium, mercury, aluminum, gallium, indium, 
thulium, silicon, germanium, tin, lead, arsenic, 
antimony and bismuth; 

at least one of Z is an anion of the formula 

35 ~OS02R 5 r wherein R 5 is perf luoroalkyl containing 1 to 12 
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carbon atoms or part of a f luorinated polymer wherein 
the carbon atoms alpha and beta to the sulfonate group 
are together bonded to at least four fluorine atoms , or 
tetraphenylborate, and the remainder of Z is oxo or one 
5 or more monovalent anions; 

s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 
cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
10 earth metal, arsenic, antimony, bismuth, gold, iron, 

ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, silicon, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

15 tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
t is 0 or an integer of 1 to 6; 
and provided that each oxo group present counts as 
20 two of s. 

DETAILS QF THK INVENTION 
In the polymerization process described herein one 
or more cyclic ethers, oxiranes, oxetanes, 1,3-dioxo- 
lanes, 1, 3, 5-trioxanes, or tetrahydrofurans are 

25 polymerized to form a polyether. Oxirane (more commonly 
called epoxide) is herein given its usual structure, a 
saturated three membered ring containing two carbon 
atoms and one oxygen atom. Oxetane is also given its 
common meaning, a saturated four membered ring 

30 containing three carbon atoms and one oxygen atom. The 

term oxepane means a sat ur a Led seven membered ring 

containing six carbon atoms and one oxygen atoms . The 
term 1, 3-dioxolane means a saturated five membered ring 
which contains two oxygen atoms separated by 1 carbon 

35 atom. The term 1, 3, 5-trioxane means a six membered ring 
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containing 3 oxygen atoms in which the oxygen atoms and 
carbons atoms are alternated. All of these terms 
include compounds containing those ring systems which 
are substituted with hydrocarbyl or hydrocarbylene 
5 groups containing 1 to 20 carbon atoms. The 

hydrocarbylene groups may form carbocyclic rings, which 
include bicyclic, tricyclic, etc., systems. By a 
hydrocarbylene group herein is meant a divalent radical 
. containing carbon and hydrogen which is part of a 
10 carbocyclic ring. 



independently hydrogen or hydrocarbyl containing 1 to 20 
carbon atoms. Some of these cyclic ethers polymerize to 
give repeat units of the formula - [CHRl (CR 2 R 3 ) n CHR 4 0]- . 
In a more preferred cyclic ether all of R 1 , R 2 , R 3 and R 4 

0 

20 are hydrogen. In another more preferred cyclic ether 

where n=2, R 1 , one of R 2 , both of R 3 and R 4 are hydrogen, 
and the remaining R 2 is alkyl containing 1-4 carbon 
atoms, especially preferably the remaining R 2 is methyl. 
By hydrocarbyl herein is meant a univalent radical 

25 containing carbon and hydrogen. 

The polymerization is run in the presence of an 
accelerator. Suitable accelerators are carboxylic 
anhydrides, acyl halides, and carboxylic acids with a 
pk a of less than about 6 in water. 

30 By a carboxylic anhydride is meant a compound 

containing the grouping -C(0)0(0)C-, wherein the free 



Preferred cyclic ethers have the formula 




15 



wherein n is 2 or 4 and each R 1 , R 2 , R 3 and R 4 is 
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valencies are to other carbon atoms. A preferred 
carboxylic anhydride ^is an anhydride of an alkyl 
carboxylic acid or a halogen substituted alkyl 
carboxylic acid, and particularly preferred anhydrides 
5 are acetic anhydride and trif luoroacetic anhydride. 

By an acyl halide is meant a compound containing 
the grouping -C (O) X, where X is chlorine or bromine and 
the free valence is to another carbon atom. In 
preferred acyl halides, X is chlorine. Preferred acyl 

10 halides are alkyl acyl halides, and especially preferred 
are acetyl halides, more preferably acetyl chloride. 

By a carboxylic acid is meant a compound containing 
the grouping -C(0)0H, wherein the free valence is to 
another carbon atom. Preferred carboxylic acids have a 

15 pKa of less than 5 in water. Useful carboxylic acids 

include, but are not limited to acetic, trif luoroacetic, 
chloroacetic, benzoic, trichloroacetic, p-nitrobenzoic, 
butyric, formic, cyanoacetic, nit roprop ionic, acrylic, 
methacrylic, napthoic acids, N-acetylglycine and 

20 N-acetyltryptophan. Preferred carboxylic acids are 
trif luoroacetic, acetic, formic, cyanoacetic, 
nitropropionic, acrylic, raethacrylic acids, N-acetyl- 
glycine and N-acetyltryptophan. 

When carboxylic anhydride is present one half or 

25 more of the end groups aire carboxylic esters. As is 
known to the artisan, these may be hydrolyzed to 
hydroxyl groups by reaction with water, preferably in 
the presence of a catalyst, such as a strong acid 
(sulfuric acid for instance) or a strong base (such as 

30 NaOH) . The proportion of acetate ends increases the 

i - onger — th e— polym e rization is allowed to proce e d. : 

Although the polymeric diol is often the desired product 
(it can be used to make other polymers, such as 
polyurethanes and polyesters), the half ester or diester 
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is also useful , as in relatively low molecular polymers 
which can be used as solvents. 

When an acyl halide is used as the accelerator, the 
end groups are usually ester on one end, and the halide, 
5 X, on the other. Thus the complete formula for such a 
polymer could be X-[CHR* (CR 2 R 3 ) n CHR 4 0]-C (O) Y, where Y is 
the group to which the acyl group of the acyl halide was 
bound. Such polymers are useful as intermediates for 
the preparation of polymers containing different 

10 functional groups. For example, the ester may be 

hydrolyzed to a hydroxyl group, and the halide may be 
reacted to form another functional group such as 
nitrile. If a bis (acyl halide), X(0)CYC(0)X, is used as 
the accelerator, the product of the polymerization will 

15 be a polyether with halide (X) end groups which contains 
two internal ester groups, and may have the formula 
X- [CHR 1 (CR 2 R 3 > n CHR 4 0] -C (0) YC (O) - [OCHR 1 (CR 2 R 3 ) n CHR 4 ] -X . 
Useful bis (acyl halides) include adipoyl chloride, 
terephthaloyl chloride, and diglycolyl chloride 

20 [CI (O) CCH 2 OCH 2 C (O) CI] . 

When a carboxylic acid is used as the accelerator, 
both end groups are usually mostly ester. Thus the 
complete formula for such a polymer could be 
YO-tCHR 1 (CR 2 R 3 ) n CHR 4 0]-C<0) Y, where Y is the group to 

25 which the acyl group of the carboxylic acid was bound. 

An important consideration in the preparation of 
polyethers is the number average molecular weight (Mn) 
of the polyether and its molecular weight distribution. 
When the polyether is to be used as a monomer in the 

30 preparation of another polymer (usually in the diol 
form) , it is often preferred that the Mn of the 
polyether be in the range of about 400 to about 20,000, 
preferably about 500 to about 5,000. 

The catalyst may be yttrium or rare earth compound 

35 of the formula MZ3 where M is a trivalent ion of 
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yttrium, or one of the rare earths, lanthanum, cerium, 
praeseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium, and lutetium. 
5 Preferred metals, M, are strontium, scandium 

yttrium, the rare earth metals, titanium, zirconium, 
hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum, tungsten, rh eniu m, iron, ruthenium, 
palladium, copper, gold,([^zinc^ tin and bismuth. More 

10 preferred metals are yttrium, the rare earth metals, and 
scandium. Especially preferred metals are yttrium, 
ytterbium, dysprosium, erbium, neodymium, lanthanum, and 
scandium. Another preferred metal is "mischmetall" 
(sometimes also called "didymium") , which is a mixture 

15 of rare earth metals as obtained from the ore . 

It is believed monovalent anions that are 
relatively nonnucleophilic are useful as Z. Examples of 
such anions are tetraphenylborate, "OSO2R 5 / wherein R 5 is 
perf luoroalkyl, or wherein R 5 is part of a fluorinated 

20 polymer wherein the carbon atoms alpha and beta to a 
sulfonate group are together bonded to at least 4 
fluorine atoms (as in -CF2CF2OSO2-) . It is preferred if 
R 5 is perf luoroalkyl. In a particularly preferred R 5 is 
trif luoromethyl, and the anion is herein called 

25 "trif late". 

Generally speaking, any metallic compound in which 
the correct metal in the correct oxidation state (see 
above) is present and bonded to a trif late or similar 
anion will be a catalyst . Such a compound must of 

30 course be r easonably stable during the polymerization 
.{or depolymerization, see below), or decompose to 
another compound which is still a triflate (or similar 
anion) compound of the metal in the correct oxidation 
state. It has been found that, in general, the greater 

35 the number of triflate groups bonded to the metal 
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cation, the more active the metal compound will be as a 
catalyst. It is preferred if half or more of the anions 
(Z) bound to each metal cation is triflate or a similar 
anion . 

5 The metal catalysts may optionally contain one or 

more neutral ligands coordinated to the metal. By a 
neutral ligand is meant a neutral compound that can 
coordinate with the catalysts, usually the metal cation. 
Neutral ligands include water, and ethers such as 

10 dimethyl ether and tetrahydrof uran . Useful compounds 
containing neutral ligands include bis (n-cyclopenta- 
dienyl) tetrahydrof uran-bis (trif luoromethanesulf onato) - . 
zirconium and bis (n-cyclopentadienyl) tetrahydrof uran- 
bis (trif luoromethanesulf onato) hafnium. 

15 The metals catalysts may contain other anions than 

triflate and similar anions, and tetraf luoroborate, 
although at least one of triflate or tetraf luoroborate 
anions must be present. Some other useful anions are 
alkoxide, particularly lower alkoxide containing 1-4 

20 carbon atoms, acetylacetonate, cyclopentadieneide, 

pentamethylcyclopentadieneide, t-butylacetylacetonate, 
and halide . It is preferred if all of the anions are 
triflate. 

In general, the higher the molar ratio of metal 
25 compound to cyclic ether monomer originally present, the 
lower the molecular weight of the resulting polyether 
will be. Similarly, the higher the ratio of accelerator 
(if present) to monomer originally present, the lower 
the molecular weight of the polyether will be. It is 
30 believed the effects of these two ratios are cumulative. 
For these effects see Examples 7 and 8. 

The polymerization may be run at a temperature of 
about -80°C to about 130°C. If this temperature is 
above the boiling point of the cyclic ether monomer, a 
35 pressure vessel may be used. A preferred temperature is 
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ambient to the boiling point of the monomer, or 110°C, 
whichever is lower. An inert solvent such as di-n-butyl 
ether, diethyl ether or toluene may be used, but it is 
preferred if solvents are not present* Protic compounds 
5 such as water, methanol and ethanol should preferably 
not be present, and it is convenient to exclude them by 
drying the starting materials and keeping the process 
under an inert dry gas such as nitrogen. As in most 
chemical processes, the ingredients should be mixed at 

10 least initially- Continued agitation is preferred to 

assure that the process materials remain well mixed, and 
to avoid overheating. The polymerization is mildly 
exothermic. If the polymerization temperature goes up 
appreciably, ref luxing of the monomer may be used to 

15 help cool the process. 

The polymers produced often have polydispersities 
significantly less than 2, which is possibly indicative 
of a "Living polymerization" *. Also indicative of this 
is the fact that as the polymerization proceeds, the 

20 molecular weight, particularly the number average 
molecular weight, increases. 

This invention is also concerned with the 
depolymerization of a polymer consisting essentially of 
the repeat unit — [CM^CR^R^CR^R^CHR^O] - wherein R 1 , R 2 , 

25 R 3 , and R 4 are defined above, and preferred combinations 
are as given above for the polymerization process when 
n=2. A catalyst designated MZ s -Q t is used, wherein M, 
S, Q, t, and Z, and their preferred embodiments, are as 
given above. 

30 The depolymerization process is carried out at 

about 100°C to about 250°C, preferably about 130" to 
about 200°C. Although air can be used to blanket the 
process, it is preferred to use an inert atmosphere such 
as nitrogen to avoid possible side reactions. The 

35 polytetrahydrofuran need not be dried before use. A 
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solvent may be used, but it is preferred to carry out 
the process without solvent . 

The amount of catalyst compared to polyether 
present is not critical/ 0.1-15% by weight being useful, 
5 preferably about 1 to 3% by weight of catalyst. 

The depolymerization process may be carried out by 
just heating the polyether in the presence of the 
catalyst. In order to avoid boiling off the often 
volatile tetrahydrofurans, a pressure vessel may be 

10 needed. However, it is preferred to carry out the 

depolymerization while constantly distilling off the 
(substituted) tetrahydrofuran as it forms. It is 
believed that this ensures driving this process to 
produce the monomeric tetrahydrofuran. The recovered 

15 monomeric tetrahydrofuran may be used in the 
polymerization to form a polytetrahydrof uran . 

Both the polymerization and depolymerization 
processes can be done in a variety of ways known to the 
artisan. The polymerization can be done by batch, semi- 

20 batch and continuous processes. Continuous processes 
include continuous stirred tank reactor (s) with one or 
more stages, and/or plug flow reactors (see Example 19) . 
The depolymerization process can also be done by similar 
methods. In this process/ a continuous process could be 

25 constant addition of polyether to the reactor, while 
distilling off a similar amount of a monomeric tetra- 
hydrofuran. Other variations will be evident to one 
skilled in this art. 

In both the polymerization and depolymerization 

30 processes disclosed herein the catalyst may be recovered 
and reused in either process. It may be recovered from 
the polymerization process by extracting the polymer 
formed with water, while it can be recovered from the 
depolymerization process by extracting the distillation 

35 residue with water. In both instances, the recovered 
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catalyst may be used again in the polymerization or 
depolymerization processes. In both instances the 
aqueous washings may be concentrated by removal of the 
water (as by evaporation) and the solid catalyst 
5 recovered. See Examples 20 , and 28-32 for recovery and 
reuse of catalyst . 

In the Examples, the following abbreviations are 

used: 

GPC - gel permeation chromatography 
10 Nafion™ - a sulfonated perf luoropolymer produced 

by E. I. du Pont de Nemours & Co., Wilmington, 
DE, USA 

Mn - number average molecular weight 

Mw - weight average molecular weight 
15 RB - round bottom 

PD - polydispersity (Mw/Mn) 

PS - polystyrene 

SS - stainless steel 

STD - standard 
20 Tf - triflate 

EXAMPLE 1 
Polymerizati on Of THF with 
Yttrium Triflate and Acetic Anhydride 
In a dry box, ytt rium triflate^ (0.75 g) was added 
25 to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box and 
nitrogen bleeds attached. THF (20 mL) followed by 
acetic anhydride (0.75 mL) were added to each flask. 
30 After 15, 30 and 45 minutes, a polymerization was 

terminated via the addition of 5% NaOH ( 10 mL) and THF 

(50 mL) . The resulting organic phases were separated 
and concentrated at reduced pressure and then dried 
under vacuum. Polymer yields and GPC analysis: 
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Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


56.76 


8180 


17100 


2.09 


30 mins. 


67.02 


6630 


14600 


2.20 


45 mins. 


73.11 


6210 


13300 


2.02 






EXAMPLE 2 








Polymeri 


zation of 


THF With 





Ytterbium Tr if late and Acetic Anhydride 
In a dry box, ytterbium triflate (0.75 g) was added 
5 to each of four separate oven dried 100 ml* KB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) followed 
by acetic anhydride (0.75 mL) were added to each flask. 
10 After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


56.09 


8400 


16200 


1.93 


30 mins . 


67.98 


7360 


14900 


2.03 


45 mins. 


69.67 


5890 


13100 


2.22 


60 mins • 


71.31 


6010 


12800 


2.15 






EXAMPLE 3 








Polyme 


rization of 


THF with 





Dysprosium Triflate and Acetic Anhydride 
In a dry box, dyspros ium triflate (0.75 g) was 
added to each of four separate oven dried 100 mL RB 
20 flasks equipped with stirring bars. The flasks were 

sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20 mL) 
followed by acetic anhydride (0.75 mL) were added to 
each flask. After 15, 30, 45 and 60 minutes, a 
25 polymerization was terminated via the addition of 5% 
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10 



15 



NaOH (10 mL) and THF (50 mL) . The resulting organic 
phases were separated, concentrated at reduced pressure 
and then dried under vacuum. Polymer yields and GPC 



analysis : 

Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


52.03 


7260 


15700 


2.17 


30 mins. 


63.86 


7220 


15700 


2.18 


45 mins. 


70.05 


6250 


14300 


2.30 


60 mins . 


71.36 


6010 


13700 


2.29 



EXAMPLE 4 

Polymerization of THF with 

Erhllim Triflate and Acetic Anhydride 
In a dry box, erbium triflate (0.75 g) was added to 
each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. After sealing with rubber 
septa the flasks were removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) followed 
by acetic anhydride (0.75 mL) were added to each flask. 
After 15, 30 f 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer. 
Time 


Polymer 
Yield (%) 


- Mn 
(PS STD) 


Mw 


PD 


15 mins. 


52.82 


8460 


15900 


1.89 


30 mins. 


62.96 


7390 


17100 


2.32 


45 mins. 


66.79 


8070 


16400 


2.04 


60 mins. 


68.20 


7250 


16100 


2.22 



EXAMPLE 5 



20 Polymerization of THF with 

Lanthanum Triflate and Acetic Anhydride 
In a dry box, lanthanum triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
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with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
anhydride (0.75 mL) were added to each flask. After 15, 
30, 45 and 60 minutes, a polymerization was terminated 
5 via the addition of 5% NaOH (10 mL) and THF (50 mL) . 
The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


5.60 


9780 


13900 


1.42 


30 mins . 


11.27 


13700 


20900 


1.53 


45 mins. 


40.30 


17000 


28100 


1.65 


60 mins. 


59.24 


15800 


33400 


2.11 






EXAMPLE 6 







io Polymerization .of THF with 

Mfiadmiam Jrif late and Acetic Anhydride 
In a dry box, to an oven dried 100 mL RB flask 
equipped with a stirring bar was added neodymium 
triflate (0.75 g) . The flask was sealed with a rubber 

15 septum and removed from the dry box. A nitrogen bleed 
was attached and THF (20 mL) followed by acetic 
anhydride (0.75 mL) were added. After 30 minutes the 
polymerization was terminated via the addition of 5% 
NaOH (10 mL) and THF (50 mL) . The resulting organic 

20 phase was separated, concentrated at reduced pressure 
and then dried under vacuum yielding 7.56 g (42.6%) of 
polymer. GPC analysis: Mn « 8460, Mw = 22300, 
PD ~ 2.65 (PS STD) . 

EXAMPLE 7 

25 Polymerization of THF with 

Yttrium Triflate and Acetis Anhydride 

In a dry box, yttrium triflate (0.75 g) was added 
to each of three oven dried 100 mL RB flasks equipped 
with stirring bars. The flasks were sealed with rubber 
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septa and removed from the dry box. Nitrogen bleeds 

were attached and THF (20 ml) added to each flasks. 

Acetic anhydride (0.25, 0.50 and 0.75 mL) was added 

respectively to each flask. After 60 minutes the 

5 polymerizations were quenched via the addition of 5% 

NaOH (10 mL) and THF (50 mL) , the resulting organic 

phases were separated, concentrated at reduced pressure 

and then dried in vacuo overnight. Polymer yields and 

GPC analysis: 

Acetic Polymer Mn 
Anhydride Yield (%) (PS S? D) Mw PD 

0.25 mL 75.02 8080 18100 2.25 

0.50 mL 73.33 6940 14900 2.15 

0.75 mL 75.20 5080 13600 2.68 

10 EXAMPLE 8 

Polymerization of THF with 
yi-t-T-Mim Triflate and Acetic Anhydride 
In a dry box, to three 100 mL RB flasks equipped 
with stirring bar were added 0.25, 0.50 and 1.00 g 
15 yttrium triflate respectively. The flask were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attache I and THF (20 mL) and acetic 
anhydride (1.00 mL) were added to each flask. After 60 
minutes the polymerizations were terminated via the 
20 addition of 5% NaOH (10 mL.) md THF (50 mL) . The 

resulting organic phases were separated, concentrated at 
reduced pressure and dried under vacuum overnight. 



Polymer yields and GPC 


analysis : 






Yttrium 


Polymer 








Triflate 


Yield (%) 


(PS 55 TD) 


Mw 


PD 


0.25 g 


50.11 


11300 


26200 


2.02 


0.50 g 


70.79 


80 60 


17600 


2.16 


1.00 g 


81.96 


4820 


10500 


2.09 
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EXAMPLE 9 

Polymerization of THF with 

Yttrium Tr if late and Acetic Anhydride 
in Diethyl Ether 
5 In a dry box, yttrium triflate (0.75 g) was weighed 

into an oven dried 100 mL RB flask equipped with 
stirring bar. A reflux condenser was attached and the 
apparatus sealed with a rubber septum and removed from 
the dry box. A nitrogen bleed was attached and diethyl 
10 ether (20 mL) , THF (20 mL) and acetic anhydride 
(0.75 mL) were added. After 60 minutes the 
polymerization was quenched via the addition of 5% NaOH 
(10 mL) and diethyl ether (50 mL) . The resulting 
organic phase was separated, concentrated and dried 
15 under vacuum. Yield: 3.86 g (21.76%). GPC analysis: 
Mn - 2960, Mw = 7800, PD - 2.63 (PS STD). 

EXAMPLE 10 
Polymerization of, THF with . 

Yttrium Triflate and Acetic Anhydride in Toluene 
20 In a dry box, yttrium triflate (0*75 g) was weighed 

into an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing- with a rubber septum, 
removal from the dry box, and attachment of a nitrogen 
bleed, toluene (20 mL) , THF (20 mL) and acetic anhydride 
25 (0.75 mL) were added. After 60 minutes the 

polymerization was terminated via the addition of 5% 
NaOH (10 ml*) and toluene (50 mL) . The resulting organic 
phase was separated, concentrated at reduced pressure 
and then dried under vacuum. Yield: 1.73 g (9.75%). 
30 GPC analysis: Mn « 1150, Mw « 2700, PD = 2.34 (PS STD) . 

Copolymerization of THF / 3-Met hy 1-THF 

with Yttrium Triflate and Acetic Anhydride 
In a dry box, yttrium triflate (0.75 g) was added 
35 to each of three separate oven dried 100 mL RB flasks 
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equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box wherein 
nitrogen bleeds were attached. THF (15 mL) and 
3-methyl-THF (5 mL) followed by acetic anhydride 
5 (0,75 mL) were added to each flask. After 15, 30 and 45 
minutes, a polymerization was terminated via the 
addition of 5% NaOH (10 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
10 . yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


39.50 


6920 


12400 


1.80 


30 mins. 


51.63* 


6280 


13200 


2.11 


45 mins. 


57.27 


5860 


12700 


2.17 



*H NMR analysis showed -12-13% incorporation of 
3-methyl-THF in the polymers. 

EXAMPLE 12 

, polymerization of THF with 
15 Yttrium Triflate and Trif luoroacet ic Anhydride 

In a dry box, yttrium triflate (0.75 g) was weighed 
in an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing with a rubber septum and 
removal from the dry box and attachment of a nitrogen 
20 bleed THF (20 mL) was added followed by trif luoroacetic 
anhydride (3.00 mL) . After 2 hrs . the polymerization 
was quenched by the addition of 5% NaOH (10 mL) and THF 
(50 mL) . Diethyl ether (50 mL) was added to effect 
separation of the organic/aqueous phase. The organic 
25 phase was separated, concentrated at reduced pressure 

and then dried under vacuum. Yield: 5,40 g (30.44%) . 

GPC analysis: Mn « 53900, Mw - 86200, PD = 1.78 
(PS STD) . 
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EXAMPLE 13 
Polymerization of.THF with 

Ytterbium Triflate and Propionic Anhydride 
In a dry box, ytterbium triflate (1.00 g) was 
5 weighed into an oven dried 100 mL RB flask equipped with 
a stirring bar. The flask was stoppered with a rubber 
septum and removed from the dry box and a nitrogen bleed 
was attached. THF <20 mL) and propionic anhydride 
(1.00 mL) were added via syringes. After 60 minutes the 
10 polymerization was quench with 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried in 
vacuo. Yield: 12.69 g (71.5%). GPC analysis: 
Mn » 6520, Mw «= 14500, PD = 2.23. 
15 EXAMPLE 14 

Polymerization of 3-Methyl-THF with 
Yttrium Triflate and Acetic Anhydride 
In a dry box, yttrium triflate (0.75 g) was weighed 
into an oven dried 100 mL RB flask equipped with a 
20 . stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and 3-methyl-THF (20. mL) was added followed by 
acetic anhydride (0.75 g) . After stirring overnight the 
polymerization was terminated by the addition of 5% NaOH 
25 (10 mL) and THF (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and 
dried under vacuum. Yield: 6.12 g (34.50%). GPC 
analysis: Mn ~ 437, Mw = 808, PD = 1.85. 

EXAMPLE 15 

30 Polymerization of THF with 

Yttrium Triflate and Acetic Anhdride 
In a dry box, yttrium triflate (0.75 g) was weighed 
into an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing with a rubber septum the 
35 flask was removed from the dry box and a nitrogen bleed 
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attached, THF (20 mL) and acetic anhydride (1.00 mL) 
were added. After 17.5 hrs . THF (20 mL) and acetic 
anhydride (1.00 mL) were added to the thick viscous 
solution. After an additional 2 hrs THF (20 mL) and 
5 acetic anhydride were again added to the polymerized 
solution. The polymerization was terminated 2.5 hrs 
later via the addition of 5% NaOH (20 mL) and THF 
(100 mL) . The organic phase was separated, concentrated 
at reduced pressure and dried under vacuum. Polymer 
10 yield: 32.3 g (61.23%). GPC analysis: Mn - 2490, 
Mw « 8440, PD - 3.39 (PS STD) . 

EXAMPLE 16 

Polymerization of THF with Ytterbium Triflate 
In a dry box, ytterbium triflate (1.00 g) was 
15 weighed in a 100 mL RB flask equipped with a stirring 
bar. After sealing with a rubber septum the flask was 
removed from the dry box and a nitrogen bleed attached. 
THF (20 mL) was then added via syringe. The 
polymerization was allowed to proceed overnight and then 
20 terminated via the addition of H2O (25 mL) and diethyl 
ether (75 mL) . The organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 0.520 g (2.93%). GPC analysis: 
Mn - 416000, Mw = 842000, PD - 2.02 (PS STD) . 
25 EXAMPLE 17 

Polymerization of 7-Oxabicvclo f 2 . 2 ■ 1 1 heptane 
with Ytterbium Trifla te and Acetic Anhydride 
In a dry box f ytterbium triflate (0.5 g) was 
weighed into a 100 mL RB flask equipped with a stirring 
30 bar. After sealing with a rubber septum, the flask was 
remove from the dry box and a nitrogen bleed attached. 
7~Oxabicyclo[ 2. 2.1] heptane (10 mL, distilled from 
potassium carbonate) was added followed by acetic 
anhydride (0.5 mL) . After 1 hr. the polymerization was 
35 terminated by the addition of 5% NaOH (10 mL) , THF 
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(75 mL) and diethyl ether (-50 mL) . The organic phase 
was separate, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 1.00 g. GPC 
analysis: Mn = 233, Mw « 522, PD = 2.24 (PS STD) . 
5 EXAMPLE 18 

Polymerization of 

Cvclohexene Qxide with Lanthanimn Triflate 
In a dry box, lanthanum triflate (0.75 g) was 
weighed in a oven dried 100 mL three neck flask equipped 
10 with a stirring bar., reflux condenser and addition 
funnel. Toluene (20 mL) was added via syringe and 
cyclohexene oxide (20 mL) was slowly added via the 
addition funnel. The polymerization was terminated 
after 2.75 hrs. via the addition of H2O (10 mL) and 
15 toluene (100 mL) . . The organic phase was separated, 

concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 12.4 g (63.9%). GPC analysis 
(bimodal distribution) : Mn = 4510, Mw = 25700, 
PD - 5.70 (PS STD) . 
20 EXAMPLE 1Q 

Continuous Polymerization n-F THF wirh 
Ytterbium Triflate and AceHn A nhvdririP 
A solution of THF (-500 mL) and ytterbium triflate 
(25 g) was charged into a 500 mL capacity ISCO pump, 
25 which was connected to .a 3 way 3.2 mm SS connector ( M T" 
mixer) via 8 cm of 3.2 mm SS tubing containing a check 
valve. A second ISCO pump (500 mL capacity) was charged 
with -100 mL of acetic anhydride and this was connected 
to the "T" mixer by 75 cm of 3.2 mm SS tubing also 
30 containing a check valve. The feed rate of the 

THF/ytterbium triflate solution was 3.3 mL/min and that 
of the acetic anhydride was 0.25 mL/min. The "T" mixer 
was connected to a glass stirred holdup tank 
(approximately 60 mL volume) by 12 cm of 3.2 mm SS 
35 tubing. This tank was then connected to a second 
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stirred holdup tank (approximately 55 mL volume) via 
Cajon flex tubing with ultra torr fitting (6.4 mm, 
13 cm) . This in turn was connected to a third glass 
reactor, plug flow (approximately 60 mL volume) , again 
5 via Cajon flex tubing with ultra torr fitting (6.4 mm, 
13 cm) . The polymerized solution exiting from the third 
reactor was fed to a stirred beaker containing 
water/diethyl ether. Each reactor was equipped with 
thermal well port. During the polymerization the 

10 temperature in the first reactor stabilized to 41-42°C 
and that of the second reactor to 31-32°C and that of 
the third reactor 26-27°C. After the contents of the 
THF/ytterbium triflate pump was discharged, and two 
fractions of polymer were collected, the pump was again 

15 refilled with a solution of THF (-500 mL) and ytterbium 
triflate (25 g) . Three fractions were collected. The 
last fraction was obtained by purging the system with 
diethyl ether. 

The organic phases were separated, concentrated at 

20 reduced pressure and then dried under vacuum giving the 
following : 

Fraction : Weight 

1 106.86 g 

2 79.59 g 

3 56.97 g 

4 220.2 g 

5 97.2 g 
The aqueous phases from above were collected, 

concentrated at reduced pressure and then dried under 
vacuum at 180°C giving a cream solid, 46.98 g, 
~ 25 representing a 93.94% recovery of the total ytterbium 
triflate catalyst used. 
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EXAMPLE 2Q 

Polymerization of THF with Ytterbium Triflate 
(Recovered from Example 19^ and Acetic Anhydride 
In a dry box f ytterbium triflate (1.00 g) , 
5 recovered catalyst from Example 19, was weighed out in a 
100 mL RB flask equipped with a stirring bar. A rubber 
septum was attached and the flask removed from the dry 
box. A nitrogen bleed was attached and THF (20 mL) 
added followed by acetic anhydride (1.00 mL) . After 1 
10 hr. the polymerization was terminated by the addition of 
water (25 tab), THF (25 mL) and diethyl ether (50 mL) , 
the resulting organic phase was separated, concentrated 
at reduced pressure, then dried under vacuum affording 
13.42 g (75.65%) of polymer. 
15 EXAMPLE 21 

Polymerization of THF..with 

Yttrium Triflate and Acetic Andvride at -78°H 
In a dry box, yttrium triflate (0.75 g) was weighed 
in an oven dried 100 mL RB flask equipped with a 
20 stirring bar. After sealing with a rubber septum, 
removal from the dry box and the attachment of a 
nitrogen bleed, THF (20 mL) was added. The resulting 
mixture was cooled to -78°C. Acetic anhydride (0.75 mL) 
was then added, the polymerization was terminated 5 hrs. 
25 later by the addition of water (25 mL) and diethyl ether 
(50 mL) . After warming to room temperature the 
resulting organic phase was separated, concentrated at 
reduced pressure, then dried under vacuum affording 
0.58 g (3.27%) of polymer. 
30 EXAMPLE 22 

Preparation of Didvmium fMisc hmetall) Triflate 
Didymium (mischmetall) oxide (17 g) and water 
(50 mL) were added to a 200 mL RB flask equipped with 
stirring bar and an addition funnel and reflux 
35 condenser. Triflic acid (50 g) was slowly added via the 
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addition funnel to the resulting stirred slurry* After 
the addition was completed a homogeneous solution 
resulted, thus an additional 2.0 g of the oxide was 
added and the slurry heated to reflux for 2 hrs . The 
5 cooled slurry was filtered, the filtrate concentrated at 
reduced pressure and then dried under vacuum at 
150-210°C affording 58.4 g of a pink solid. 

EXAMPLE 23 

Polymerizat ion of THF with Didymium ( Mischmetall ) 
10 XrJLflalLfiJ Polymerization Time on Polvmer Yield 

In a dry box, didymium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box and 
15 nitrogen bleeds attached. THF (20 mL) followed by 
acetic anhydride (0.75 mi) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
20 concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polvmer Time Polvmer Yield (%) 

15 mins. 13.92 
30 mins. 34.94 
45 mins. 43.74 
60 mins 49.4 

EXAMPLE 24 
Polymeri zation of Refluxina THF with 
Yttrium Trif late and Acetic Anhydride 
25 In a dry box, yttrium triflate (0.75 g) was weighed 

_ jjvfco an oven drie d 100 m L fl a .sk equipped w i th a st i rred — 

bar, a reflux condenser was attached, the flask sealed 
with rubber septum and removed from the dry box and a 
nitrogen bleed attached. THF (20 mL) was added and the 
30 resulting mixture heated to reflux via an oil bath 
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10 



15 



20 



(temp. -80°C) . Acetic anhydride (0.75 mL) was added to 
the stirred refluxing mixture. After 30 minutes the 
polymerization was terminated via the addition of 5% 
NaOH (10 mL) and THF (50 n\L) . The cooled organic phase 
was separated, concentrated at reduced pressure, then 
dried under vacuum giving 6.44 g (36.30%) of polymer. 



In a 300 mL RB flask were added ytterbium oxide 
(0.75 g) and Nafion® perf luorinated ion exchange resin 

powder (300 mL, 5 wt. % solution in a mixture of lower 
aliphatic alcohols and 10% water). The resulting 
mixture was heated to 100°C and stirred overnight » The 
resulting solution was filtered and dried under vacuum 
at 150°C f affording 9.21 g of a light brown solid. 

EXAMPLE 26 
Bolymerization .of THF with 
ytterbium Nafion® Salt and Acetic Anhydride 
In a dry box, the ytterbium Nafion® salt (1.00 g, 

from Example 25) was added to each of four oven dried 
100 mL RB flasks equipped with stirring bars. The 
flasks were sealed with rubber septa and removed from 
the dry box and nitrogen bleeds attached. THF (20 mL) 
followed by acetic anhydride (1.00 mL) were added to 
each flask. After 2, 3, 4 and 5 hrs. a polymerization 
was terminated by the addition of water (25 mL) and 
diethyl ether (50 mL) . The organic phases were 
separated, concentrated at reduced pressure and then 
dried under vacuum to give the following: 



EXAMPLE 25 
Preparation of Ytterbium Nafion®, Salt 



Polymer Time 



Polymer Yield (%) 



2 hrs. 



5.24 



3 hrs. 



11.39 



4 hrs. 



17.08 



5 hrs. 



22.66 
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EXAMPLE 27 

p*poiyi™>r j **tHon of Polv^HF with Yttrium Triflate 
Polytetrahydrofuran 1000 (300 g, Aldrich) and 
yttrium triflate (9 g) were placed in a 500 mL three 
5 neck flask equipped with a stirring bar, Vigreaux column 
(30.5 cm) and a fractional distillation head. A 
nitrogen purge was then attached and all other openings 
glass stoppered. The resulting mixture was then heated 
by' an oil bath and the water clear distillate fractions 
10 collected as follows: 



Oil Bath Head Temp 
Fraction Temp (°C) ^C} Weight 

1 171-175 64.5 67.49 

2 176 64.5 71.84 

3 176 64.5 32.84 

4 178 64.5 58.67 
5 178 64.5 56.71 



Total weight of distillate collected: 287.55 

X H NMR analyses of all five fractions confirmed the product to 

be THF. 
Yield (Recovery): 95.85% 

EXAMPLE 28 
DfipftlYtnerization of Polv-THF with 
Vft-T-ium Triflate: Reuse of Catalyst 
To the residue remaining from Example 27 was added 
15 polytetrahydrofuran 1000 (300 g, Aldrich) . The 

apparatus was reassembled the resulting mixture heated 
by an oil bath, and the resulting water clear distillate 
fractions were collected as follows: 



Oil Bath Head Temp 
Fraction Temp (°C) £CJ Weight 

1 170-174 ' 63-64 43.39 

2 sm S4 62.68 

3 175 65 66.15 

4 111 65 55.15 
5 177 65 32 .58 
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Total weight: of distillate collected: 259.95 g 
Yield (Recovery): 86.65% 

Total time elapsed from start of collection to termination of 
Example: 2 hrs. 50 mins. 

EXAMPLE 29 

Polymerization of Recovered THF with 

Ytterbium Triflate and Acetic Anhydride. 
In a dry box, ytterbium triflate (1.00 g) was added 
5 to an oven dried 100 mL flask equipped with a stirring 
bar. The flask was then sealed with a rubber septum and 
removed from the dry box and a nitrogen purge attached. 
Tetrahydofuran (20 mL) from the fourth fraction of 
Example 27 was added followed by 1 mL of acetic 

10 anhydride. After 1 hour no polymerization was apparent, 
thus an additional 1 mL of acetic anhydride added. 
After 1 hour the polymerization was terminated via the 
addition of 5% NaOH and TKF (50 mL) , the organic phase 
separated, concentrated at reduced pressure and then 

15 dried in vacuo overnight affording 10.31 g (58%) of 

polymer. GPC analysis: Mn « 1970, Mw » 6650, PD - 3.38 
(PS STD) . 

EXAMPLE 3Q 

Polymerization of Recovered Purifi ed THF 
20 with Ytterbium Triflate and Acetic Anhydride 

Fractions 2-4 of experiment Example 27 were 
combined and distilled from sodium/benzophenone . Twenty 
mL of this dried THF was added to ytterbium triflate (1 
g) , previously weighed out in an oven dried 100 mL flask 
25 equipped with stirring bar and a nitrogen purge. Acetic 
anhydride (1 mL) was then added, after 1 hour the 
polymerization was terminated via the addition of 5% 
NaOH and THF (50 mL) , the organic phase separated and 
concentrated at reduced pressure and then in vacuo, 
30 affording 13.32 g (78.08%) of polymer. GPC analysis: 
Mn = 4110, Mw « 8860, PD - 2.15 (PS STD) . 
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Rft^nvery of Catalyst, from Depolvmerization 
Water (100 mL) was added to the residue from 
Example 28, the resulting mixture was stirred at room 
5 temperature for approximately 1 hour, the aqueous phase 
separated and concentrated at reduced pressure and dried 
in vacuo at 180°C overnight affording a brown solid. 
This solid was again dissolved in water, then filtrated, 
the filtrated concentrated at reduced pressure. The 
10 resulting solid was dried under vacuum at 180°C 

overnight affording a cream solid: 6.48 g (72%) of 
recovered catalyst. 

EXAMPLE 32 
Activity of Recovered Catalyst 
15 in the Polymerization of THF. . 

In a dry box, the recovered catalyst of Example 31 
(1 g) was placed in an oven dried 100 mL flask equipped 
with a stirring bar. The flask was sealed with a rubber 
septum and removed from the dry box and a nitrogen purge 
20 attached. THF (20 mL) was then added followed by acetic 
anhydride (1 mL) . After 1 hour the polymerization was 
terminated via the the addition of 5% NaOH and THF 
(50 mL) , the organic phase separated, concentrated and 
dried in vacuo overnight affording 13.8 6 g (78.13%) of 
25 polymer. GPC Analysis: Mn « 4460, Mw « 9280, PD = 2.08 
(PS STD) . 

EXAMPLE 33 

Depolymerization of Poly-THF/3-Methyl-THF 
Copolymer with .Yttrium Trif late 
30 Poly-tetrahydrofuran/3-methyl-tetrahydrofuran 

copo l ymer — (308 , 6 g) — conta i n i ng 3 385 ppm w a ter a n d 

yttrium trif late (9 g) were placed in a 500 mL three 
neck flask equipped with a stirring bar, Vigreaux column 
(30.5 cm), a thermometer and a fractional distillation 
35 head. A nitrogen purge was attached and all other 
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opening glass stoppered. The resulting mixture was 


heated by 


an oil bath 


and the water clear distillate 


fractions 


collected as 


follows : 








Oil Bath 


Rxn . 


Head 




Fraction 


Temp. (°C) 


Temp. <°C) 


Temp. (°C) 


Weiqht (q) 


1 


180-182 


140-145 


65-70 


64.35 


2 


182-184 


140 


69-70 


71.03 


3 


183-185 


140-144 


70 


69.35 


4 


185 


143 


70 


70.12 


5 


185 




70 


22.35 



Total Weight Collected: 297.20 g 
% Yield (Recovery): 96.47 

Total depolymeri ration time: 2 hrs. 25 mins. 



EXAMPLE 34 

5 Depolvmeriation of PolyTHF. 

Diacetate Capped, with Yttrium THflatP 
Polytetrahydrofuran which was diacetate capped 
(300 g, Mn 1850) and yttrium triflate (9 g) were placed 
in a 500 mL three flask equipped with a stirring bar, 
10 Vigreaux (30.5 cm), a thermometer and a fractional 

distillation head. A nitrogen purge was attached and 
all other openings glass stoppered. The resulting 



mixture was heated by 


an oil bath 


and the water clear 


distillate 


fractions collected as 


follows : 




Fraction 


Oil Bath 
Temp. (°C) 


Rxn. 
Temp. (°C> 


Head 
Temp. (°C) 


Weiaht (q) 


1 


158-160 


105-129 


64 


82.78 


2 


160-161 


116-129 


64-66 


62.91 


3 


161 


116 


64-67 


77.71 


4 


161-180 




67-69 


51.50 



Total weight Collected: 274.90 g 
% Yield (Recovery): 91.63 

Total depolymeri zat ion time: 1 hr. 25 mins. 
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20 



25 



EXAMPLE 35 

Polymerizatio n of THF with Bis <n-cvclopentadienvl ) - 
tetrahydrofuran-bi s (tri £ lunromethaneaulf onato) - 

zirconium and Acetic Anhydride 
In a dry box f bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) zirconium (0.50 g) 
was added to each of four separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 e^nd 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 
analysis: 
Polymer. Polymer Mn 



Time 



Yield (%) (PS STD) 



Mw 



PD 



15 mins. 39.34 12700 14100 1.11 

30 mins. 54.79 15000 19000 1.27 

45 mins. 63.92 16000 22100 1.38 

60 mins. 64.26 17200 24500 1.41 

EXAMPLE 36 

Polymerizati on of THF with Bis (n-cvclopentadienvl) - 
bis (trif luoromethanesulfonato) titanium 
and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) -bis (tri- 
f luoromethanesulfonato) titanium (0.50 g) was added to 
each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 



with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (10 mL) and acetic 
anhydride (0.50 mL) were added to each flask. After 15, 
30 f 45 f 70 minutes a polymerization was terminated via 
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the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The separated organic phases were washed 
repeatedly with water (3 x 25 mL) , then separated, 
concentrated at reduced pressure and then dried under 
5 vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


39.35 


10700 


12000 


1.12 


30 mins. 


61.33 


13900 


17300 


1.25 


45 mins. 


67.08 


14200 


19300 


1.35 


70 mins. 


65.50 


12400 


19300 


1.56 



EXAMPLE 37 

Polymerization of THF with Bis (n-cyn lopenta- 
dienvl ) t etrahvdrof uran-bis ftrifluoro- 
methanesulfonato) zirconium and Acetyl C hloride 

10 In a dry box, bis (n-cyclopentadienyl) tetrahydro- 

furan-bis (trif luoromethanesulf onato) zirconium (0.50 g) 
was added to each of three separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 

15 After the attachment of nitrogen bleeds, THF (10 mL) and 
acetyl chloride (0.375 mL) were added to each flask. 
After 15, 30, and 45 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 

20 were washed repeatedly with water (3 x 25 mL) , 

separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yields and GPC analysis: 



Polymer . Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 59.86 7980 10800 1.35 

30 mins. 68.88 7470 11000 1.48 

45 mins. 68.65 5620 9920 1.76 
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E XAMPLE 38 

Polymerization of THF wit h Bl s ( n-cyclopentadienvl) - 
his ftrif limromethanesulfonatoltitanium 
and Acetyl Chloride 
5 In a dry box, bis (n-cyclopentadienyl) -bis (tri- 

fluoromethanesulfonato) titanium (0.50 g) was added to 
each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars . The flasks were sealed 
with rubber septa and then removed from the dry box. 
10 Nitrogen bleeds were attached and THF (10 mL) and acetyl 
chloride (0.375 mL) were added to each flask. After 15 , 
30, and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The separated organic phases were washed 
15 repeatedly with water (3 x 25 mL) , then separated, 

concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polymer. Time Polymer Yield (%) 

15 mins. 46.11 
30 mins. 66.85 
45 mins. 74.97 
EXAMPLE 3 9 

Polymerisation of THF with Bis (n-cvclopenta- 
20 rii ftnyn tfttrahvdro f uran-bis ftrif luoromethane- 

gvilTonatol zirconium and Acetic Anhydride 
In a dry box, bis (jn-cyclopentadienyl) tetrahydro- 
f uran-bis (trif luoromethanesulf onato) zirconium (0 . 50 g) 
was added to each of three separate oven dried 100 mL RB 
25 flasks equipped with stirring bars. The flasks were 

sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20 mL) and 



acetic anhydride (1.00 mL) were added to each flask. 
After 15, 30, and 45 minutes, a polymerization was 
30 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phases 
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were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 



analysis : 

Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


15.22 


11300 


11900 


1.05 


30 mins. 


30.50 


18100 


20300 


1.12 


45 mins. 


39.35 


21300 


25500 


1.20 






EXAMPLE 40 






Cvpolymerization 


of THF and 3 


-MethYl-THF 


with 



Bis (n-CYclopentadienyUtetgahydrofuran- 
fris (.trig luoromethanesuXf onatg) zirconium, 
and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
10 furan-bis (trif luoromethanesulfonato) zirconium (0.50 g) 

was added to each of three separate oven dried 100 ml* RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (7.5 mL) , 
15 3-Methyl-THF (2.5 mL) and acetic anhydride (0.10 mL) 

were added to each flask. After 15, 30, and 45 minutes, 
a polymerization was terminated via the addition of 
water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phases were separated, concentrated at 
20 reduced pressure and then dried under vacuum. X H NMR 

analysis indicates -10.5% incorporation of 3-methyl-THF 
in the polymers. Polymer yields and GPC analysis: 



Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw pp 

15 mins. 24.8 8500 9430 1.11 

30 mins. 41.15 11400 13300 1.17 

45 mins. . 49.15 12200 15500 1.27 
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EXAMPLE 41 

Prpparation of Bis (n-cvclooentadienvl) tetra- 
hydrofuran-bis ftrif luoromethanesulf onato) hafnium 
In a dry box, hafnocene dichloride (9.93 g) was 
5 dissolved in THF (300 mL) . To this solution, with 
stirring, was added a solution of silver triflate 
(14.12 g) in THF (100 mL) . After 10 minutes the 
precipitated silver chloride was filtered off and the 
resulting filtrate concentrated to approximately half 
10 its volume at reduced pressure. Hexane (250 mL) was 

added and the resulting mixture placed in the freezer. 
The resulting precipitate was filtered and then dried 
under vacuum. Yield: 10.02 g. X H NMR (CDCI3) : 6.68 
(s f 10 H), 3.76 (m f 4H) , 1.84 (m, 4H) . 
15 EXAMPLE 42 

Preparation of Bis (pentamethvl-n-cvclor>entadienvl) - 
frig ftrifluorotnethanesulfonato) zirconium 
In a dry box, bis (pentamethylcyclopentadienyl) - 
zirconium dichloride (10.00 g) was dissolved in THF 
20 (300 mL) . To this solution, with stirring, was added a 
solution of silver triflate (12.4 6 g) in THF (100 mL) . 
After 15 minutes the precipitated silver chloride was 
filtered off and the resulting filtrate concentrated to 
approximately half its volume at reduced pressure. 
25 Hexane (250 mL) was added and the resulting mixture 

placed in the freezer. The resulting yellow precipitate 
was filtered and then dried under vacuum. Yield: 
6.02 g. *H NMR {CDCI3) : 2.12 (s) . 

EXAMPLE 43 

30 - Preparation of Bis (n-cyclopentadienvl) - 

tat* (trif InQromGthariQflulf onato) vanadium 

In a dry box, vanadocene dichloride (5.00 g) was 
dissolved in THF (300 mL) . To this solution, with 
stirring, was added a solution of silver triflate 
35 (11.19 g) in THF (100 mL) . After 15 minutes the 
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precipitated silver chloride was filtered off and the 
resulting filtrate concentrated to approximately half 
its volume at reduced pressure. Hexane (250 mL) was 
added and the resulting mixture placed in the freezer. 
5 The resulting green precipitate was filtered and then 
dried under vacuum. Yield: 6.99 g. 

EXAMPLE 44 

Polymerization of THF with bis ( n-cyclopenta- 
dienyll tetrahydrofuranbis (trifluoromethanesulfonato) - 

10 zirconium and Acetic Anhydride in Hexane 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
f uran-bis (trif luoromethanesulf onato) zirconium (0.50 g) 
was added to each of three separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 

15 sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds hexane (10 mL) , 
THF (20 mL) and acetic anhydride (0.10 mL) were added to 
each flask. After 15, 30, and 45 minutes, a 
polymerization was terminated via the addition of water 

20 (25 mL) , THF (50 mL) and ether (25 mL) . The resulting 

organic phases were separated, concentrated at reduced 

pressure and then dried under vacuum. Polymer yields 

and GPC analysis : 

Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 4.96 1390 2020 1,45 

30 mins. 9.24 2980 . 3470 1.16 

45 mins. 20.40 3410 4030 1.18 

EXAMPLE 45 

25 Polymerization of Cyolohexene Oxide with 

bis (n-cvclopentadienyl) tetrahydrofuran- 
bis (trif luoromethanesulf onato) zirconium 



30 



In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulf onato) zirconium (0 . 50 g) 
was added to an oven dried 100 mL RB flask equipped with 



WO 94/09055 



37 



PCT/US93/09808 



stirring bar, reflux condenser and addition funnel- The 
flask was sealed with a rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed, 
toluene (10 mL) was added. Then a solution of 
5 cyclohexene oxide (20 mL) and toluene (10 mL) was slowly 
added via the addition funnel. After 60 minutes the 
polymerization was .terminated by the addition of water 
(25 mL) and toluene (100 mL) . The separated organic 
phase was concentrated at reduced pressure and then 
10 dried under vacuum. Polymer yield: 2.28 g. GPC 

analysis (PS STD.): Mn - 13600, Mw - 24500, PD - 1.80. 

EXAMPLE 46 
Polymerization of THF with 
FH s fn-evelopentadienvl)tetrahvdrofuran- 
15 his rtrif luoromethanesulf onato) hafnium 

and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) hafnium (0.50 g) was 
added to each of four separate oven dried 100 mL RB 
20 flasks equipped with stirring bars. The flasks were 

sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
25 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and. GPC 



analysis : 

Polymer . Polymer Mn 

Time Ya ^ eld (%) (PS STD) Mw PD 

15 mins. 32.13 11200 12200 1.09 

30 mins. 48.70 15200 18600 1.22 

45 mins. 58.74 17400 23100 1.33 

60 mins. 60.54 17000 24100 1.42 
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EXAMPLE 47 

Polymerization of THF with Bis (n-cyclopsntadienyl) = 

bis (trif luoromethaneaul fonato Wanadium 

and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) -bis (tri- 
fluoromethanesulfonato) vanadium (0.50 g) was added to 
each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 
analysis : 

Mn 

(PS STD) Mw PD 



Polymer . 
Time 



Polymer 
Yield (%) 



15 mins. 17.59 10600 13000 1.22 

30 mins. 45.32 14100 18800 1.34 

45 mins. 60.43 15100 21700 1.44 

60 mins. 62.57 10500 21000 2.00 

EXAMPLE 4 8 

Polymerization of THF with Bis (nentamathvl- 
cvclopentadienvllbis (trif luoromef ha nesulf onatol - 
zirconium and Acetic Anhydride 
In a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trif luoromethanesulfonato) zirconium (0.50 g) was 
added to each of four separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL).were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
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terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 



5 analysis: 

Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


33.26 


10600 


11900 


1.12 


30 mins. 


44.64 


12100 


14800 


1.23 


45 mins. 


60.09 


13400 


17600 


1.31 


60 mins . 


70.23 


15100 


20900 


1.38 



Polymerization of THF with Bis (pentamethvl- 
cyclopentadienyHbis (trif luoromethanesulf onatol - 

zirconium and fldipoyl Chloride 
10 In a dry box, bis (pentamethylcyclopentadienyl) - 

bis (trif luoromethanesulf onato) zirconium (0.50 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
15 nitrogen bleed THF (10 mL) and adipoyl chloride 
(0.50 mL) were added. After. 45 minutes, the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
20 pressure and then dried under vacuum. Polymer yield: 
5.87 g (66.17%) . 

EXAMPLE 50 
Polymerization of THF with 
Bis (pentamethylcyclopentadienyl) - 

25 bis (trif luoromethanesulf onato) — 

zircorfium and Acetyl Bromide 
In a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trif luoromethanesulf onato) zirconium (0.50 g) was 
added to an oven dried 100 mL RB flask equipped with a 
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stirring bar. The flask was sealed with rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and acetyl bromide (0.50 mL) 
were added. After 45 minutes, the polymerization was 
5 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 2.20 g. 

EXAMPTjF. fil 

10 Polymerization of THF with Bis ( n-cyclopentadienyl 1- 

bis (t rif luoromethanesulf onatol vanariinm 

and Acetyl Bromide 
In a dry box, bis (n-cyclopentadienyl) -bis (tri- 
f luoromethanesulf onato) vanadium (0.50 g) was added to an 
15 oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed 
THF (10 mL) and acetyl bromide (0.50 mL) were added. 
After 60 minutes, the polymerization was terminated via 
20 the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 3.68 g. 

EXAMPLE 52 

25 Polymerization of THF with Bis (n^inp^fa- 

dienvDtetrahvdrofuran-bififtr^lnoroTn^han^ 
SUlf onato) hafnium and Acetyl Bromide 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
f uran-bis (trif luoromethanesulf onato) hafnium (0..50 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and acetyl bromide (0.50 mL) 
were added. After 30 minutes, the polymerization was 
35 terminated via the addition of water (25 mL) , THF 
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(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 2.29 g. 

EXAMPLE 53 

5 Polymerization of Oxepane with his fn-r»yr-1 n- 

pentadienvDtetrahvdrofuran-bis (triflunrn- 
methanesulfonato) zirconium and Acettr anhyrir^P 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) zirconium (0.05 g) 
10 was added to an oven dried 50 mL RB flask equipped with 
stirring. bar . The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed oxepane (1.00 mL) and acetic 
anhydride. (0.05 mL) were added via syringe. After 60 
15 minutes the polymerization was terminated by the 
addition of water (10 mL) and ether (25 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
0.87 g. 

20 EXAMPLE 54 

Polymerization of THF with Bis (n-cvrjlnpgni-a- 
dienvl) tetrahvdrofuran-bis ftrlflunrft- 
methanesulf onato) zirconium anri Diglyeolvl Chlnr^riP 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
25 furan-bis (trif luoromethane-sulf onato) zirconium (0.50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and diglycolyl chloride 
30 (1.00 mL) were added to the flask. After 45 minutes the 

polymerization was terminated via the addition of water — 

(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
35 0.64 g. 
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EXAMPLE 55 

Copolymerization of THF/3— Methyl— THF with 

Bis (n-cyclopentadi enyl ) tetrahydrof uran- 
bis (trif luoromethanesulf onato) zirconium 
5 and Diglycolyl Chloride 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) zirconium (0,50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
10 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
diglycolyl chloride (1.00 mL) were added to the flask. 
After 45 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
15 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 0.63 g. 

EXAMPLE 56 
Polymerization of THF vrith Bis (penta- 

20 mefchvlcyclopentadienyll -bis ftrifltioro- 

methanesulfonato) zirconium and 
Trifluoroacetic Anhydride 
In a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trif luoromethanesulfonato) zirconium (0 . 50 g) was 
25 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroactic anhydride 
(0.50 mL) were added. After 3 hrs., the polymerization 
30 was terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.89 g. 
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EXAMPLE 57 

Copolvmerization of THF /3 —Methyl— THF with 
Bis (/}-cvclQpentadienvl)tetrahydrQfuran- 

bis (trif luoromethanesulfonato) zirconium 

5 and Adipoyl Chloride 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
f uran-bis (trif luoromethanesulf onato) zirconium (0.50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 

10 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
adipoyl chloride (1.00 mL) were added to the flask. 
After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 

15 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.98 g. 

EXAMPLE 58 
Polymerization of THF with Yttrium 

20 Triflate and Acetyl Chloride 

In a dry box, yttrium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 

25 Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30, 45 and 60 minutes a polymerization was terminated 
via the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 

30 concentrated at reduced pressure and then dried under 

vacuum. Polymer yields and GPC an a lysi s : 
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Polymer . 
Time 


Polymer 
Yield (%) 


44 

Mn 
(PS STD) 


Mw 


PD 


15 mins. 


49.21 


1610 


3470 


2 .15 


30 mins. 


50.05 


1520 


3390 


2.22 


45 mins. 


49.77 


1510 


3570 


2.36 


60 mins. 


52.76 


1740 


3940 


2.26 



EXAMPLE 59 
Polymerization of THF with Yttei-hiiiTn 
Triflate and Acetyl ChlnHriP 
In a dry box, ytterbium triflate (0.75 g) was added 
5 to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
10 30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



15 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


52.59 


1710 


3790 


2.22 


30 mins . 


52.82 


1730 


4540 


2.61 


45 mins. 


52.25 


1730 


4690 


2.71 






EXAMPLE 60 







Polymerization Of THF with Didymi nm (Misrhmehan \ 
Triflate and Acetyl C hloride 
In a dry box, didymium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
20 equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes .a polymerization was terminated via 
25 the addition of water (25 mL) , ether (25 mL) and THF 
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(50 mL) . The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

vacuum. Polymer . yields and GPC analysis: 

Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 21.98 1020 2000 1.95 

30 mins. 26.94 926 1780 1.92 

45 mins. 32.86 1040 2060 1.97 

EXAMPLE 61 

5 Polymerization of THF with Erbium Triflate 

and Acetyl Chloride 
In a dry box, erbium triflate (0.75 g) was added to 
each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
10 with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15/ 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
15 (50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 
Polymer. Polymer Mn 

. Time Yield (%) (PS STD) Mw PD 

15 mins. 53.83 1570 3400 2.17 

30 mins. 56.09 1650 4090 2.47 

45 mins. 56.99 1710 4310 2.51 

EXAMPLE 62 
Polymerization of THF with Scandium 

20 Triflate and Acetyl Chloride 

In a dry box, scandium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 

25 Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
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30 and 45 minutes a polymerization was terminated via 

the addition of water (25 mL) , ether (25 mL) and THF 

(50 mL) ♦ The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

5 vacuum. Polymer yields and GPC analysis: 

Polymer . Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 53.33 1750 4180 2.38 

30 mins. 54.17 1690 4630 2.73 

45 mins. 53.49 1570 5660 3.61 

Polymerization of THF with Copper 
Triflate and Acetyl Chloride 

In a dry box, copper triflate (0.75 g) was added to 
10 each of three separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 

with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and acetyl 

chloride (0.75 mL) were added to each flask. After 15, 
15 30 and 45 minutes a polymerization was terminated via 

the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

vacuum. Polymer yields and GPC analysis: 

Polymer. Polymer Mn 

Time . Yield (%) (PS STD) Mw PD 

15 mins. 23.56 1010 2150 2.13 

30 mins. 31.74 1250 2720 2.18 

45 mins. 43.24* 1390 3180 2.29 

20 EXAMPLE 64 

Polymerization of THF with Tin 

Triflate and Acetyl Chloride 

In a dry box, tin triflate (0.75 g) was added to 

each of three separate oven dried 100 mL RB flasks 

25 equipped with stirring bars. The flasks were sealed 

with rubber septa and then removed from the dry box. 
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10 



15 



20 



Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15 , 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polymer. Time Polymer Yield (%) 



15 mins. 
30 mins. 
45 mins. 



23.96 
40.53 
41.60 



EXAMPLE 65 

Polymerization of THF with Zirconium 

Triflate and Acetyl Chloride 
In a dry box, zirconium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 
Polymer. Polymer Mn 



Time 



Yield (%) (PS STD) 



Mw 



PD 



15 mins. 
30 mins, 
45 mins. 



49.04 
64.43 
65.84 



2040 
2200 
2290 
EXAMPLE 66 



4320 
4880 
5190 



2.12 
2.21 
2.27 



25 



Polymerization of THF with Zinc Triflate 
and Acetyl Chloride 
In a dry box, zinc triflate (0.75 g) was added to 
each of three separate oven dried 100 mL RB flasks 
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equipped with stirring bars. The flasks were sealed 

with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and acetyl 

chloride (0.75 mL) were added to each flask. After 45, 

5 60 and 75 minutes a polymerization was terminated via 

the addition of water (25 mL) , ether (25 mL) and THF 

(50 mL) . The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

vacuum. Polymer yields: 

Polymer. Time Polymer Yield (%) 

15 mins. 5.64 

30 mins. 6.88 

45 mins. 7.61 

10 EXAMPLE 67 

Eolymerigatipn of THF with Yttrium 

ILcifJLafcs and afligayJL Chloride 

In a dry box, yttrium triflate (1.00 g) was added 

to each of three separate oven dried 100 mL RB flasks 

15 equipped with stirring bars. The flasks were sealed 

with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and 

adipoly chloride (1.00 mL) were added to each flask. 

After 15, 30 and 45 minutes a polymerization was 

20 terminated via the addition of water (25 mL) f ether 

(25 mL) and THF (50 mL) . The resulting organic phases 

were separated, concentrated at reduced pressure and 

then dried under vacuum. Polymer yields and GPC 

analysis: 

Polymer . Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 56.20 2020 4350 2.16 

30 mins. 58.62 2350 4790 2.04 

45 mins. 58.40 1910 5250 2.75 



WO 94/09055 



PCT/US93/09808 



49 

EXAMPLE fifi 

Polymerization of THF with-Ter.ephthaloyl 

Chloride and Yttrium Triflate 
In a dry box, yttrium triflate (0.75 g) and 
5 terephthaloyl chloride (2.00 g) were added to a 100 mL 
RB flask equipped with a stiiring bar. The flask was 
sealed with a rubber septum and removed from the dry 
box. A nitrogen purge was attached and THF (20 mL) 
addeded via syringe. After 90 minutes the 
10 polymerization was terminated by the addition of water 
(25 mL) and THF (25 mL) and ether (50 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
2.25 g. GPC Analysis (PS STD.) : Mn « 40900, 
15 Mw - 63000, PD - 1.54. 

EXAMPLE 69 
Polymerization of THF with Neodymium 
Triflate and Acetyl Bromide 
In a dry box, neodymium triflate (0.75 g) was added 
20 to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
bromide (1.50 mL) were added to each flask. After 15, 
25 30, 45 and 60 minutes a polymerization was terminated 

via the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 
Polymer. Time Polymer Yield (%) 



"15 mins. 27.11 

30 mins. 27.06 
45 mins. 28.13 
60 mins. 27 .28 
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EXAMPLE 70 

Polymerization of THF with Digl yc olyl 

Chloride and Ytterbium Triflate 
In a dry box, ytterbium triflate (1.00 g) was added 
5 to a 100 mL RB flask equipped with a stirring bar. The 
flask was sealed with a rubber septum and removed from 
the dry box. A nitrogen purge was attached and THF 
(20 mL) addeded via syringe, followed by diglycolyl 
chloride (2.00 mL, 97%). After 60 minutes the 
10 polymerization was terminated by the addition of water 
(25 mL) and THF (25 mL) and ether (50 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
9.53 g. 

15 EXAMPLE 71 

Polymerization of THF with Diglycolyl 

Chloride and Zirconium THflattP 
In a dry box, zirconium triflate (1.00 g) was added 
to a 100 mL RB flask equipped with a stiiring bar. The 

20 flask was sealed with a rubber septum and removed from 
the dry box. A nitrogen purge was attached and THF 
(20 mL) added via syringe, followed by diglycolyl 
chloride (2.00 mL, 97%). After 60 minutes the 
polymerization was terminated by the addition of water 

25 (25 mL) and THF (25 mL) and ether (50 mL) . The 

separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
7.32 g. 

EXAMPLE 72 

30 Copolvmerization of THF / 3 — Methyl —THF 

with Ytterbium -Triflate and Adipoyl Chloride 
In a dry box, ytterbium triflate (0.50 g) was added 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
35 removed from the dry box. After the attachment of a 
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nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
adipoyl chloride (1.00 mL) were added to the flask. 
After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
5 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.2 g. 

EXAMPLE 73 
Polymerisation o f THF with Scandium 
10 Tr if late and Acetic Anhydride 

In a dry box r scandium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
15 the attachment of nitrogen bleeds THF (20 mL) and 

acetic anhydride (0.75 mL) were added to each flask. 
After 15, 30 , 45 and 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
20 concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 

Polymer . Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 63.64 3780 11000 2.91 

30 mins. 70.85 3270 9270 2.82 

45 mins. 70.85 2780 9740 3.49 

60 mins. 74.18 2930 8330 2.84 

EXAMPLE 74 
Polymerization of THF with Copper 
Triflate and Acetic Anhydride 

-^-5 In a dry bo x, — copper tr i fl a te (0 . 7 5 g) was added to 

each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
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anhydride (0.75 mL) were added to each flask. After 45, 
60, 75 and 90 minutes a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
separated organic phases were separated, concentrated at 
5 reduced pressure and then dried under vacuum. Polymer 
yields and GPC analysis: 



Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


45 mins. 


23.90 


10500 


21100 


2.01 


60 mins. 


30.10 


12000 


23400 


1.95 


75 mins. 


35.00 


11400 


23500 


2.07 


90 mins. 


53.21 


13900 


25900 


1.86 



10 In a dry box, zirconium triflate (0.75 g) was added 

to each of four separate oven dried 100 mL R£ flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 

15 anhydride (0.75 mL) were added to each flask. After 15, 
30, 45 and 60 minutes, a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then- dried under vacuum. Polymer 

20 yields: 



EXAMPLE 75 
Polymerization of thf with zirconium 
Trifiat.fi and Aortic anhvtirirte 



Polymer. Time 



Polymer Yield (%) 



15 mins. 
30 mins. 
45 mins. 
60 mins . 



71.87 



58.06 



66.91 



65.84 
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EXAMPLE 7 6 
Polymerization of THF with Tin 
Trif late and Acetic Anhydride 
In a dry box, tin trif late (0.75 g) was added to 
5 each of four separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
anhydride (0.75 mL) were added to each flask. After 15 f 
10 30, 45 and 90 minutes, a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yields : 

Polymer. Time Polymer Yield (%) 

15 mins. 24.01 
30 mins. 44.08 
45 mins. 54.68 

60 mins. ^ 58.40 

15 (^EXAMPLE 77 

PolyinftrizatriqTrpf^HF w^th Zinc 

Triflate and Acetic Anhydride 
In a dry box, zinc trif late (0.75 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
20 bar. The flask was sealed with a rubber septum and 

removed from the dry box, A nitrogen bleed was attached 
and THF (20 mL) and acetic anhydride (0.75 mL) were 
added. After stirring overnight the polymerization was 
terminated via the addition of water (25 mL) and THF 
25 (50 mL) . The resulting organic phase was separated, 



concentrated at reduced pressure and then dried under 
vacuum. Polymer Yield: 3.17 g (17.87%). 
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EXAMPLE 78 
Depolymerization of. Polytetrahydrofuran 
with Copper Triflate 
Polytetrahydrofuran diol, Mn — -1,000, and copper 
5 triflate (9 g) were placed in a 500 mL three neck flask 
equipped with a stirring bar, Vigreaux column (12 w ) and 
a fractional distillation head. A nitrogen purge was 
attached and all other openings were glass stoppered. 
The resulting mixture was heated by an oil bath and the 
10 resulting water clear distillate fractions collected as 
follow: 



Oil Bath Rxn Temp. Head Temp. Weight 



Fraction 


Temp (°C) 




°C) 


(°C) 




1 


168 


135- 


-139 


64 


47.85 


2 


168 


128- 


-135 


64 


57.09 


. 3 


168 


118- 


-128 


66 


53.67 


4 


168 


106- 


-128 


66 


57.77 


5 


168 


106 




66 


76.30 



Total weight of distillate collected: 292.68 g 
% Yield (Recovery): 97.56% 

Total depolymerization time from start of collection to 
15 termination of experiment: 1 hr. 45 mins. 

EXAMPLE 79 

Copolymerization of THF/3-Methvl-THF with 
Zirconium Triflate and Acetic Anhydride 
In a dry box, zirconium triflate (0.50 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (7.5 mL) and 3-methyl-THF (2.5 mL) were 
added followed by acetic anhydride (1.00 mL) . After 45 
25 minutes the polymerization was terminated via the 
addition of water (25 mL) and THF (50 mL) . The 
resulting organic phase was separated, concentrated at 
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reduced pressure and then dried under vacuum. Polymer 
yield: 5-68 g. 

EXAMPLE 80 

PfipnlymftyiMfcion of THF/3-Met hvl-THF with 
5 rn pper TH fiatft and Acetic Anhydride 

In a dry box, copper triflate (0.50 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
removed from the dry box. A nitrogen bleed was attached 
10 and THF (7.5 mL) and 3-methyl-THF (2.5 mL) were added 
followed by acetic anhydride (1.00 mL) . After 60 
minutes the polymerization was terminated via the 
addition of water (25 mL) and THF (50 mL) . The 
resulting organic phase was separated, concentrated at 
15 reduced pressure and then dried under vacuum. Polymer 
yield: 2.48 g. 

EXAMPLE 81 
rnpnlytn^rizat-inn of THF/3-Methvl-THF 
with Tin Iriflatje and Acetic Anhydride 
20 In a dry box, tin triflate (0.50 g) was added to an 

oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(7.5 mL) and 3-methyl-THF (1.6 mL) were added followed 
25 by acetic anhydride (1.00 mL) . After 60 minutes the 

polymerization was terminated via the addition of water 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.42 g. 
30 EXAMPLE 82 

rnpnlymeri ^tion flf THF /3-Mef,lwl-THF wjjjj 

SnanriliTm Triflate and Acetic Anhydride 
In a dry box, scandium triflate (0.50 g) was added 
to an oven dried 100 mL RB flask equipped with a 
35 stirring bar. The flask was sealed with a rubber septum 
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and removed from the dry box, A nitrogen bleed was 
attached and THF (7.5 mL) and 3-methyl-THF (2,5 mL) were 
added followed by acetic anhydride (1,00 mL) . After 45 
minutes the polymerization was terminated via the 
5 addition of water (25 mL) and THF (50 mL) . The 

resulting organic phase was separated f concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 5.81 g. 

EXAMPLE 83 

10 Polymerization of THF with Copper Triflate 

and Trif luoroacetic Anhydride 
In a dry box, copper triflate (1.00 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
15 removed from the dry box. A nitrogen bleed was attached 
and THF (20 mL) and trif luoroacetic anhydride (2.00 mL) 
were added. After stirring for 3 hrs. the 
polymerization was terminated via the addition of water 
(25 mL) and THF (50 mL) . The resulting organic phase 
20 was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 7.5 g. 

EXAMPLE 84 

Polymerization of THF with Trif luoroacetic Acid 
and Ytterbium Triflate at 45°C 

25 In a dry box, ytterbium triflate (5.00 g) was added 

to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with rubber septa 
and removed from the dry box. After the attachment of 
nitrogen bleeds THF (20.00 mL) and trif luoroacetic acid 

30 (4.00 mL) were added to the flask. Then flask was them 
immediately placed in an oil bath maintained at 45°C. 
After 120 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 

35 Concentrated at reduced pressure and then dried under 
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vacuum. Polymer yield: 6.61 g. GPC analysis 
(PS SID.): Mn = 5680, Mw « 9090, PD = 1.60. 

EXAMPLE fiS 

Polymerization of THF with Trif luoroacetic 

5 Acid and Ytterbium Triflate at: 45°c: 

In a dry box, ytterbium triflate (5.00 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with rubber septa 
and removed from the dry box. After the attachment of a 

10 nitrogen bleed THF (20.00 mL) and trif luoroacetic acid 
(5.00 mL) were added to the flask. The flask was then 
immediately placed in an oil bath maintained at 45°C. 
After 120 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 

15 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 3.07 g. GPC analysis 
(PS STD.) : Mn « 3290, Mw - 4810, PD = 1.46. 

EXAMPLE fi6 

20 Polymerization of THF with Triflun roacetir 

Acid and Ytterbium Triflate 
In a dry box, ytterbium triflate (2.00, 3.00, 4.00 
and 5.00 g) was added to each of four separate oven 
dried 100 mL RB flasks equipped with stirring bars. The 

25 flasks were sealed with rubber septa and removed from 
the dry box. After the attachment of nitrogen bleeds 
THF (20.00 mL) and trif luoroacetic acid (2.00 mL) were 
added to each flask. After 90 minutes the polymeriza- 
tions were terminated via the addition of water (25 mL) , 

30 THF (50 mL) and ether (25 mL) . The resulting organic 

phase s were s ep a rat ed^ — c onc e n t rat ed a t red u c e d pr e ssur e — 

and then dried under vacuum. Polymer yields and GPC 
analyses : 
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Ytterbium 
Triflate (q) 


Polymer 
Yield (q) 


• Mn 
(PS STD.) 


Mw 


PD 


2.00 


5.32 


60200 


95600 


1.59 


3.00 


5.95 


58500 


89400 


1.53 


4.00 


6.70 


46100 


76700 


1.66 




EXAMPLE 


87 







Polymerization of THF with Trif luoroacetic 

Acid and Yttrium Triflate 

In a dry box, yttrium triflate (3.00 g) was added 

5 to each of three separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 

with rubber septa and removed from the dry box. After 

the attachment of nitrogen bleeds THF (20.00 mL) and 

trif luoroacetic acid (5.00 mL) were added to each flask. 

10 After 120, 150 and 180 minutes a polymerization was 

terminated via the addition of water (25 mL) , THF 

<50 mL) and ether (25 mL) . The resulting organic phases 

were separated, concentrated at reduced pressure and 

then dried under vacuum. Polymer yields and GPC 

15 analyses : 

Polymer . Polymer Mn 

Time Yield (a) (PS STD.) Mw PD 

120 mins. 1.57 22700 32900 1.45 

150 mins. 2.75 24600 37900 1.54 

180 mins. 3.69 30300 46400 1.54 

EXAMPLE 86 

Polymerization of THF with Trif luoroacetic 
Acid and. Erbium Triflate 
In a dry box, erbium triflate (4.00 g) was added to 
20 each of five separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
trif luoroacetic acid (5.00 mL) were added to each flask. 
25 After 60, 90, 120, 150 and 180 minutes a polymerization 
was terminated via the addition of water (25 mL) , THF 
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(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 
analyses: 



Polymer. 
Time 


Polymer 
Yield (c) 


Mn 

(PD STD.) 


Mw 


PD 


€0 mins. 


2.02 


13300 


20900 


1.57 


90 mins. 


3.13 


26500 


36900 


1.39 


120 mins. 


4.84 


26600 


39700 


1.49 


150 mins. 


5.08 


30600 


49600 


1.62 


180 mins. 


5.58 


27900 


45700 


1.63 



5 EXAMPLE 89 

Copolymerization of THF/3-Methyl-THF with 

Trifluoroacetic Acid and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 
to separate oven dried 100 mL RB flasks equipped with 

10 stirring bars. The flasks were sealed with rubber septa 
and removed from the dry box. After the attachment of 
nitrogen bleeds THF (15.00 mL and 3-methyl-THF (5.00 mL) 
were added to each flask. Trifluoroacetic acid (3 and 
4 mL) was then added to each flask. After 120 minutes 

15 the polymerizations were terminated via the addition of 

water (25 mL) , THF (50 mL) and ether (25 mL) . The 

resulting organic phases were separated, concentrated at 

reduced pressure and then, dried under vacuum. Polymer 

yields and GPC analyses : 

Trifluoroacetic Polymer Mn 
Acid Yield (q) (PS STD.) Mw PD 

3 mL 5.37 24500 37500 1.53 

4 mL 3.9 20900 30300 1.45 
20 EXAMPLE 9Q 

Polymerization of THF with Trifluoroacetic Anh ydride/ 
Trifluoroacetic Acid and Ytterbium Triflate 
In a dry box, ytterbium triflate (3.00 g) was added 
to each of four separate oven dried 100 mL RB flasks 
25 equipped with stirring bars. The flasks were sealed 
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with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) was 
added to each flask. Trif luoracetic anhydride and 
trif luoroacetic acid were added together via syringes in 
5 the ratios shown below. After 60 minutes the 

polymerizations were terminated via the addition of 
water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
10 yields and 'GPC analyses: 



Trif luoroacetic Anhydride/ 
Trifluoroacetic Acid <mL) 


Polymer 
Yield (cr) 


Mn 

(PS STD.) 


Mw 


PD 


5/2 


10.66 


8090 


13400 


1.66 


5/3 


9.21 


6600 


10100 


1.54 


5/4 


7.13 


5200 


8150 


1.57 


5/5 


4.86 


4200 


59100 


1.41 



Polymerization of THF with Trifluoroafietir. 
Anhydride /Trifluoroacetic Acid and Ytterbium Triflal-e 
In a dry box, ytterbium trif late (3.00 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) was added to the flask. 
Trif luoracetic anhydride (3.00 mL) and trifluoroacetic 
20 acid (5.00 mL) were added together via syringe. After 
60 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
25 vacuum. Polymer yield: 6.85 g. GPC analysis: 
Mn = 5910 f Mw = 9970, PD = 1.50 (PS STD.). 
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EXAMPLE Q? 

Polymerization of THF with Pfin taf luoropropionic 

Acid and Ytterbium Triflaf.fi 
In a dry box, ytterbium. trif late (5.00 g) was added 
5 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and pentaf luoropropionic 
acid (2.00 mL) were added via syringe. After 150 
10 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 9.42 g. GPC analysis: 
15 Mn - 71500, Mw « 126000, PD « 1.77 (PS STD . ) . 

EXAMPLE 93 

Polymerization of THF with Pentaf luoropropionic 

Acid and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and pentaf luoropropionic 
acid (5.00 mL) were added via syringe. After 150 
25 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 7.00 g. GPC analysis: 
30 Mn » 20100, Mw « 38700, PD « 1.92 (PS STD.). 

EXAMPLE Q4 

Polymerization of THF with Cyan oacetic Acid 
and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) and 
35 cyanoacetic acid (5.00 g) were added to an oven dried 
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100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 

(20.00 mL) was added via syringe. After 150 minutes the 
5 polymerization was terminated via the addition of water 

(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated/ concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 

6.15 g. GPC analysis: Mn - 22900, Mw » 33900, 
10 PD - 1.48 (PS STD . ) . 

EXAMPLE 95 

Polymerization of THF with Trif luoroacetic 
Acid and Aluminum Triflate 
In a dry box, aluminum triflate (1.5 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroacetic acid 
(1.5 mL) were added via syringe. After 120 minutes the 
20 polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, . concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
4.17 g. GPC analysis: Mn = 28500, Mw « 52000, 
25 PD - 1.82 (PS STD.) . 

EXAMPLE 96 

Polymerization of THF with Trif luoroacetic 
Acid and Zirconium Triflate 
In a dry box, zirconium triflate (1.5 g) was added 
30 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroacetic acid 
(1.5 mL) were added via syringe. After 120 minutes the 
35 polymerization was terminated via the addition of water 
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(25 mL) , THF (50 mL) and ether (25 niL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
5,63 g. GPC analysis: Mn « 33300, Mw = 52600, 
5 PD - 1.58 (PS STD.) . 

EXAMPLE 97 

Polymerization of THF with Pfintaflun roproplonir 

Acid and Aluminum Triflatf? 
In a dry box, aluminum triflate (2.5 g) was added 
10 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10.00 mL) and pentaf luoropropionic 
acid (0.90 mL) were added via syringe. After 120 
15 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 6.73 g. GPC analysis: 
20 Mn = 11700, Mw = 20600, PD - 1.76 (PS STD.) . 

EXAMPLE 98 

Polymerization of THF with Chlorodif luoroacetic 

Acid and Zirconium Triflatft 
In a dry box, zirconium triflate (2.5 g) was added 
25 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10.00 mL) and chlorodif luoroacetic 
acid (2.50 mL) were added via syringe. After 120 
30 minutes the polymerization was terminated via the 

addition of water (25 mL) , THF (50 mL) and ether 

(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.55 g. GPC analysis: 
35 Mn = 19600, Mw - 35300, PD - 1.80 (PS STD.)*. 
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EXAMPLE 99 

Polymerization of THF with 4-Nit robenzoir Arid 

and Aluminum Trifla£.£ 
In a dry box, aluminum triflate (1.50 g) and 
5 4-nitrobenzoic acid (4.50 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
(20.00 mL) was added via syringe. After 30 minutes the 
10 polymerization was terminated via the addition of water 
(25 mL), THF (50 mL) and ether (25 mL) . The resulting 
organic phase was washed with water (2 x 1000 mL) , 
separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.43 g. GPC 
15 analysis: Mn ~ 37000, Mw - 51000, PD = 1.38 (PS STD . ) . 

EXAMPLE 100 
Polymerization of THF with Trifbioroacetin 
Acid and Yttrium Triflat-g 
In a dry box, yttrium triflate (3.00 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and trif luoroacetic acid 
(5.00 mL) were added via syringe. After 180 minutes the 
25 polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
3.69 g. GPC analysis: Mn « 30300, Mw « 46400, 
30 PD - 1.54 (PS STD.) . 

EXAMPLE 101 
Copolymerization o f THF/3— Methyl— THF with 
Trifluoroacetic Acid and Ytterbium TrlflatP 
In a dry box, ytterbium triflate (5.00 g) was added 
35 to an oven dried 100 mL RB flask equipped with a 



WO 94/09055 



PCI7US93/09808 



65 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (15.00 mL) , 3-methyl-THF (5.00 mL) 
and trif luoroacetic acid (3.00 mL) were added via 
5 syringe. After 120 minutes the polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 5.37 g. GPC 
10 analysis: Mn = 24500, Mw - 37500, PD = 1.53 (PS STD . ) . 

EXAMPLE 102 
Polymerizat ion of THF with Acetic Acid 
and Ytterbium Trif late 
In a dry box, ytterbium trif late (5.00 g) was added 
15 to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
acetic acid (5.00 mL) were added to each flask. After 
20 3, 4, 5 and 24 hours a polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phases were separated, 
washed with water (2 x 50 mL)', concentrated at reduced 
pressure and then dried under vacuum. Polymer yields 
25 and GPC analyses: 



Polymer . Polymer Mn 
Time (Hrs.) Yield (q) (PS STD.) Mw PD 

3 1.15 17900 34600 1.93 

4 1.38 18400 33700 1.83 

5 1.71 16400 34000 2.07 
24 5^29 13000 304 00 3.33 
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EXAMPLE 103 

Polymerization of THF with Formic Acid (96%1 

Acid and Ytterbium Triflate 

In a dry box f ytterbium triflate (5.00 g) was added 

5 to each of six separate oven dried 100 ml* RB flasks 

equipped with stirring bars. The flasks were sealed 

with rubber septa and removed from the dry box. After 

the attachment of nitrogen bleeds THF (20.00 mL) and 

formic acid (96%, 0.75 mL) were added to each flask. 

10 After 2, 3, 4, 5 r 6 and 24 hours a polymerization was 

terminated via the addition of water, (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phases 

were separated, washed with water (2 x 50 mL) , 

concentrated at reduced pressure and then dried under 

15 vacuum. Polymer yields and GPC analyses: 

Polymer • Polymer Mn 
Time (Hrg.) Yield (<r) (PS STD.) Mw PD 

2 1.25 14300 29500 2.06 

3 1.65 15100 30300 2.00 

4 2.27 17600 32700 1.88 

5 2.72 16700 30800 1.85 

6 3.29 15300 29800 1.95 
24 7.93 10700 23100 2.16 

EXAMPLE 1Q4 

Polymer izat ion of THF Kith Formic Acid ,(96.%.,) 

Acid and Ytterbium Triflate 
In a dry box, ytterbium triflate (15.77 g) was 
20 added to each of six separate oven dried 100 mL RB 

flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20.00 mL) 
and formic acid (96%, 2.00 mL) were added to each flask. 
25 After 2, 3, 4, 5, 6 and 24 hours a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
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were separated, washed with water (2 x 50 mL) , 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analyses: 



Polymer. 
Time (Hrs . ) 


Polymer 
Yield <<r) 


Mn 

(PS STD.) 


Mw 


PD 


2 


1.67 


4350 


10900 


2.51 


3 


2.22 


5560 


12000 


2.16 


4 


2.83 


5320 


12400 


2.34 


5 


3.09 


5460 


12100 


2.22 


6 


3.28 


5390 


11700 


2.19 


24 


5.82 


3050 


7860 


2.58 



EXAMPLE 1Q5 

5 Polymerization of THF with Pyruvonit rile 

and Ytterbium Triflate 
In a dry box, ytterbium triflate (3.00 g) was added 
to a 100 mL round bottom flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
10 removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mX) was added followed by 
pyruvonitrile (95%, 2.00 mL) . After 60 minutes the 
polymerization was terminated by the addition of water 
(10 mL) , THF (25 mL) and diethyl ether (25 mL) . The 
15 resulting organic phase was separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 1.44 g. GPC analysis: Mn = 52700, Mw - 67000, 
PD «= 1.27 (PS STD.) . 

EXAMPLE 106 

20 Polymerization o£..THF with Acetic Acid/ 

Acetic Anhydride and Yttrium Triflate 
In a dry box, yttrium triflate (1.00 g) was added 

to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
25 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) , acetic acid (2.00 mL) and 
acetic anhydride (2.00 mL) were added via syringe. 
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After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
5 vacuum. Polymer yield: 7.32 g. GPC analysis: 
Mn « 2470, Mw = 5250, PD - 2*13 (PS STD . ) . 

EXAMPLE 107 

Polymerization of THF with Trichloroacetic Acid 

and Aluminum Triflate 
10 In a dry box, aluminum triflate (4.5 g) and 

trichloroacetic acid (4.5 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
15 (10.00 mL) was added via syringe. After 120 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was washed with water (2 x 50 mL) , 
separated, concentrated at reduced pressure and then 
20 dried, under vacuum. Polymer yield: 5.0 g. GPC 

analysis: Mn - 33500, Mw = 80100, PD = 2.39 (PS STD.). 

EXAMPLE 108 

Polymerization of THF with 11-Cvano-l-un decanoic 

Acid and Ytterbium Triflate 

25 In a dry box, ytterbium triflate (10.00 g) and 

11-cyano-l-undecanoic acid (5.00 g) were added to an 
oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. After the attachment of a nitrogen 

30 bleed THF (20.00 mL) was added via syringe. After 6 

hrs. the polymerization was terminated via the addition 
of water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phase was separated, washed with 5% 
sodium bicarbonate (2 x 25 mL) , concentrated at reduced 
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pressure and then dried under vacuum. Polymer yield: 
5.61 g. 

EXAMPLE 109 

Polymerization of THF w ith 4-Acetylbutvric Acid 
5 and Ytterbium Triflate 

In a dry box, ytterbium triflate (10.00 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
10 nitrogen bleed THF (20.00 mL) and 4-acetylbutyric 

(1.00 mL) were added via syringe. After 90 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated/ washed with 5% sodium 
15 bicarbonate (2 x 25 mL) , concentrated at reduced 

pressure and then dried under vacuum. Polymer yield: 
3.25 g. 

EXAMPLE HQ 
Polymerization of THF with Glvcolic Acid 
20 and Ytterbium Triflate 

In a dry box, ytterbium triflate (10.00 g) and 
glycolic acid (99%, 1.00 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
25 box. After the attachment of a nitrogen bleed THF 

(20.00 mL) was added via syringe. After 90 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated , concentrated at reduced 
30 pressure and then dried under vacuum. Polymer yield: 

4.76 g . 

EX&MELE 111 
Preparation of Bismuth Triflate 
BiCl3 (630 mg f 2 mmol) was slurried in CH2CI2 
35 (20 mL) . Triflic acid (900 mg, 6 mmol) was added 
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dropwise, and the mixture was stirred overnight at room 
temperature* The solvent was removed to give 0.9 g of 
an off white solid. 19 F NMR (DMSO-d 6 ) : 5 -77.3. 

EXAMPLE 112- 

5 Polymerization of THF with Bismuth 

Trjfiate and Acetic Anhydride 
In a dry box, bismuth triflate (0.5 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
10 removed from the dry box. A nitrogen bleed was attached 
and THF (10.00 mL) and acetic anhydride (1.00 mL) were 
added. After stirring for 60 minutes the polymerization 
was terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
15 was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 5.71 g. GPC 
analysis: Mn - 8350, Mw = 12400, PD - 1.49 (PS STD . ) . 

EXAMPLE 113 
Preparation of Zr (OSO2CF3) 4 ,2r (OCOCH3) 4 

20 Solid Zr(OTf) 4 (0.5 g) and Zr(CF 3 C02)4 (0.5 g) were 

mixed and THF (25 mL) was added. The mixture was 
stirred for 15 minutes at room temperature. The solvent 
was removed and 0.9 g of off white solid was collected. 
ld F NMR (CDCI3) : 5 -78.3, -76.2 (Zr(CF3C02) 4 comes at 

25 5 -75.8) . 

EXAMPLE 114 

Polymerization of THF with Zr (OSO2CF3) 4.Zr (OCOCH3) 4 

and Acetic Anhydride 
In a dry box, Zr (OSO2CF3) 4 .Zr (OCOCH3) 4 (0.5 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
35 polymerization was terminated via the addition of water 
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(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
5.01 g. GPC analysis: Mn = 6900, Mw = 10500, PD = 1.53 
5 (PS STD.) . 

EXAMPLE 115 
Preparation of Gold Trif late 
AuBr3 (0.90 g, 2.1 mmol) was slurried in CH2CI2 
(20 mL) and trif lie acid (0.90 g, 6.3 mmol) was added 
10 dropwise. The mixture was stirred overnight at room 
temperature. The solvent was removed and 0.77 g of 
black solid was collected. 19 F NMR (DMSO-d6) : 8 -76.9. 

EXAMPLE 116 

Polymerizat ion of THF w.4frh Gold f ITT 1 

15 Trif late and Acetic Anhydride 

In a dry box, gold (III) trif late (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

20 attached and THF (10.00 mL) and acetic anhydride 

(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 

25 pressure and then dried under vacuum. Polymer Yield: 

6.04 g. GPC analysis: Mn « 5240, Mw = 9060, PD = 1.73 
(PS STD . ) . 

Preparation of Y (OSO2CF3) 2CI 
30 Solid Y(OTf)3 (540 mg, 1 mmol) and YCI3 (98 mg, 

0.5 mmol) were mixed, ana tnis mixture was poured into 
stirred THF (30 mL) . The mixture became warm as the 
solid dissolved. The solution was stirred for 15 min, 
and the THF was removed. 19 F NMR <DMSO-d 6 ) : 8 -77.3. 
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EXAMPLE 118 
Polymerization of THF with Y (OSO2CF3) 2 C1 

and Acetic Anhydride 
In a dry box, Y (OSO2CF3) 2CI (0.5 g) was added to an 
5 oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(10.00 mL) and acetic anhydride (1.00 mL) were added. 
After stirring for 60 minutes the polymerization was 
10 terminated via the addition of water (25 mL) , ether 

(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 2.95 g. GPC 
analysis: Mn « 7390, Mw « 12800, PD = 1.73 (PS STD . ) . 
15 EXAMPLE 119 

Preparation of Y(OS02CF3) CI2 

Solid Y(OTf) 3 (540 mg, 1 mmol) and YC1 3 (390 mg, 
2 mmol) were mixed, and this mixture was poured into 
stirred THF (30 mL) . The mixture became warm as the 
20 solid dissolved. The solution was stirred for 15 min, 
and the THF was removed. 19 F NMR (DMSO-dg) : 5 -77.2 

EXAMPLE 120 

Polymerization of THF with Y (OSO2CF3) CI2 

and Acetic .Anhydride 

25 In a dry box, Y (OSO2CF3) CI2 (0.5 g) was added to an 

oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(10.00 mL) and acetic anhydride <1.00 mL) were added. 

30 After stirring for 60 minutes the polymerization was 
terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 0.09 g. 
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EXAMPLE 121 

Preparation of Ta (OSO2CF3) 4OCH2CH3 
Ta(OEt)s (813 mg, 2 mmol) was dissolved in CH2CI2 
(20. mL) . Triflic acid (1.5 g, 10 mol) was added 
5 dropwise and the solution stirred overnight at room 
temperature. The solvent was removed to produce a 
colorless oil. X H and 19 F NMR show a mixture of 
compounds. NMR (CDCI3) : 8 1.85 (t) , 1.9 (t) , 4.1, 

(q) , 4 .15 (broad, q) . 
10 EXAMPLE 122 

Polymerization of THF with Ta (OSO2CF3) 4OCH2CH3 

and Acetic Anhydride 
In a dry box, Ta (OSO2CF3) 4OCH2CH3 (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
15 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
20 (25 mL) , ether (25 mL) , and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.29 g. GPC analysis: Mn = 2320, Mw = 5400, PD « 2.33 
(PS STD . ) . 

25 EXAMPLE 123 

Preparatio n of Ironflll) Bis-trlf late-acetvlacetonate 
Fe(acac)3 (1.0 g, 2.8 mmol) was dissolved in CH2CI2 
(15 mL) , and triflic acid (850 mg f 5.7 mmol) was added 
dropwise. The purple solution was stirred overnight at 
30 room temperature. The solvent was removed to give a 
dar k o il. 
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EXAMPLE 124 
Polymerization oUCHE with Iron (III) 
Bis-Trif late-Acetvlacetonate and Acetic Anhydride 
In a dry box, iron (III) bis-trif late-acetyl- 
5 acetonate (0.5 g) was added to an oven dried 100 mL RB 
flask equipped with a stirring bar. The flask was 
sealed with a rubber septum and removed from the dry 
box. A nitrogen bleed was attached and THF (10.00 mL) 
and acetic anhydride (1.00 mL) were added. After 
10 stirring for 60 minutes the polymerization was 

terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. . Polymer Yield: 5.63 g. GPC 
15 analysis: Mn - 8330, Mw = 16100, PD = 1.94 (PS STD . ) . 

EXAMPLE 12 5 
Preparation of Ruthenium (III 1 Triflate 
RUCI3 (1,0 g, 4.6 mmol) was slurried in CH2CI2 
(20 mL) and triflic acid (2.0 g, 13.6 mmol) was added 
20 dropwise. The mixture was stirred at room temperature 
overnight. The solvent was removed and 1.15 g of black 
solid was collected. 19 F NMR (CDCI3) : 8 -76.7. 

EXAMPLE 126 

Polymerization of THF with Ruthenium (III) Triflate . 

25 and Acetic Anhydride 

In a dry box, ruthenium (III) triflate (0.5 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

30 attached and THF (10,00 mL) and acetic anhydride 

(1.00 mL) were added. After stirring for 30 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 

35 pressure and then dried under vacuum. Polymer Yield: 
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5.25 g. GPC analysis: Mn = 7960, Mw - 12400, PD = 1.56 
(PS STD . ) . 

EXAMPLE 127 
Preparation of Palladium(II) Trif3at.fi 
5 PdCl2 (1.0 g, 5.6 mmol) was slurried in CH2CI2 

(20 mL) and triflic acid (1.7 g, 11.3 mmol) was added 
dropwise. The mixture was stirred at room temperature 
overnight. The solvent was removed and 0.9 g of rust 
color solid was collected. 19 F NMR (CDCI3) : 5 -78.5. 

10 EXAMPT,K 128 

Polymerization of THE with Palladium (II) 

Triflate and Acetic Anhydride 
In a dry box, palladium (II) triflate (0.5 g) was 
added to an oven dried 100 mL RB flask equipped with a 
15 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
20 (25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
0.73 g. GPC analysis:* Mn « 27100, Mw « 32500, 
PD - 1 . 20 (PS STD . ) . 
25 EXAMPLE 129 

Polymerization of THF with Niobium (VI 
Triflate .and Acetic Anhydride 
In a dry box, niobium (V) triflate (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
30 stirring bar. The flask was sealed with a rubber septum 

and removed fr om the diy box, — A ulti u gon b lee d w as 

attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
35 (25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
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organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.41 g. GPC analysis: Mn - 1580, Mw « 5810, PD - 3.67 
(PS STD . ) . 
5 EXAMPLE 130 

Polymerization of THF with Tungsten (VI) 
Trif late.. and Acetic Anhydride 
In a dry box, tungsten (VI) trif late (0.5 g) was 
added to an oven dried 100 mL -RB flask equipped with a 
10 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
15 (25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.12 g. GPC analysis: Mn - 4430, Mw - 8330, PD « 1.88 
(PS STD . ) . 

20 EXAMPLE 131 " 

Preparation of Rhenium fV> Trif late 
ReCls (1.0 g, 2.75 mmol) was slurried in CH2CI2 
(25 mL) and trif lie acid (2.1 g, 13.7 mmol) was added 
dropwise. The mixture was stirred overnight at room 
25 temperature. The solvent was removed and 0.9 g of black 
solid was collected. 19 F NMR (CDCI3) : 5 -74.4, -76.3 
(small peak) . 

EXAMPLE 132 

Polymerization of THF with Rhenium (V) 

30 Trif late and Acetic .Anhydride 

In a dry box, rhenium (V) trif late (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

35 attached and THF (10.00 mL) and acetic anhydride 



WO 94/09055 PCT/US93/09808 

77 

(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
5 pressure and then dried under vacuum. Polymer Yield: 

5.60 g. GPC analysis: Mn = 7170, Mw « 13500, PD = 1.89 
(PS STD . ) . 

EXAMPLE 133 
Preparation Qf Chromium (II) Triflatft 
10 CrCl2 (0.62 g, 5 mmol) was slurried in CH2CI2 

(20 mL) and triflic acid (2.3 g, 15 mmol) was added 
dropwise. The mixture was stirred overnight at room 
temperature. The solvent was removed and 1.2 5 g of gray 
solid was collected. 19 F NMR (DMSO-d6) : 8 -76.65, 
15 -76.72. 

EXAMPLE 134 
Polymerization of THF with Chromium (II) 

Triflate and Acetic An hydride 
In a dry box, chromium (II) triflate (0.5 g) was 
20 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(llOO mL) were added. After stirring for 60 minutes the 
25 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concientrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
4.87 g. GPC analysis: Mn « 9210, Mw = 18800, PD - 2.05 
30 (PS STD.) . 

: EXAMPLE 13 5 

Preparation of n-Cvclooentadienvl-tris (trif luorn- 
methanesulfonato) zirconium 
Cp*ZrCl3 (1.0 g, 3 mmol) was slurried in CH2CI2 
35 (40 mL) . THF (10.00 mL) was added to dissolve the 
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yellow solid. Solid AgOTf (2.3 g, 9 mmol) was added; a 
white solid formed immediately. The mixture was stirred 
15 inin, and the orangish solution was filtered. The 
solvent was removed to produce an orangish oil. The 
5 material was crystallized from ether and 1.1 g of yellow 
solid was collected. X H NMR showed several peaks around 
2 ppm. Coordinated THF is observed by X H NMR (near 6 

3.5 and 1.2) . 

EXAMPLE ,136. 

10 Polymerization of THF with n-pentamethyl- 

cvclor>entadienvl-tris- (trif luoromethanesulf onatol - 
zirconium and Acetic Anhydride 
In a dry box, n-pentamethylcyclopentadienyl~tris- 
(trif luoromethanesulf onato) zirconium (0.5 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
20 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated,, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6^49 g. GPC analysis: Mn = 4350, Mw « 7930, PD « 1.82 
25 (PS STD.) . 

EXAMPLE 137 

Preparation of .Strontium Triflate 
SrCl2 (790 mg, 5 mmol) was slurried in CH2CI2 
(20 mL) and trif lie acid (1.5 g, 10 mmol) was added 
30 dropwise. The mixture was stirred overnight at room 

temperature. The solvent was removed and 1.7 g of white 
solid was collected. 19 F NMR (DMSO-de) : 5 -77.4. 
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EXAMPLE 138 

Polymerization af THF with Strontium 

Triflate and Acetic Anhydride 
In a dry box, strontium triflate (0.5 g) was added 
5 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic, anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
10 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
5.44 G. GPC analysis: Mn = 6630, Mw = 11500, PD - 1.73 
15 (PS STD.) . 

EXAM PLE 139 

Preparation of Cps (OTf) Zr-O-Zr (OTf ) Cp2 
Cp2Zr (CI) -O-(Cl) ZrCp2 (1.3 g, 2.5 mmol) was 
dissolved in CH2CI2 (40 mL) , and AgOTf (1.3 g, 5 mmol) 
20 was added. The mixture was stirred over a weekend. The 
mixture was filtered and the solvent was removed. A 
white solid formed as the solvent evaporated. The 
mixture was filtered and the solid was washed with Et20. 
1.4 g of white solid was collected. X H NMR 
25 (toluene-ds) : 5 6.0 (s) . 

EXAMPLE 140 

Polymerization of THF with Cp 2 (OTf ) Zr-O-Zr (OTf ) Cp2 

and Acetic Anhydride 

In a dry box, Cp2 (OTf ) Zr-O-Zr (OTf ) CP2 (0.5 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. Aft^r stirring for 60 minutes the 
35 polymerization was terminated via the addition of water 
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(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
1.84 g. GPC analysis: Mn = 22600, Mw «= 28800, 
5 PD - 1.28 (PS STD.) . 

EXAMPLE 141 
Polymerization of THF with Cp2*feZr (THF) BPh 4 

and Acetic Anhydride 
In a dry box, Cp2MeZr (THF) BPh.4 (0.5 g) was added to 
10 an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
removed from the dry box. A nitrogen bleed was attached 
and THF (10.00 mL) and acetic anhydride (1.00 mL) were 
added. After stirring for 60 minutes the polymerization 
15 was terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 0.78 g. GPC 
analysis: Mn = 4840, Mw = 7390, PD = 1.53 (PS STD.). 
20 EXAMPLE 142 

Preparation of Bis- (n-Cvclooentadienvl) - 
bis (trif luoromethanesulf onato) molybdenum 
Solid CP2M0CI2 (500 mg, 1.7 mmol) and AgOTf 
(0.91 g, 3.5 mmol) were mixed and CH2CI2 (30 mL) . The 
25 mixture stirred overnight at room temperature. The 
white solid was filtered off and the solvent was 
evaporated to give 300 mg of a green solid. *H NMR 
(CDCI3) : 5 6.4 (s) . 

EXAMPLE 143 

30 Polymerization of THF with Bis- (n-Cyclopentadienyll - 

bis- (trif luoromethanesulf onatol molybdenum 

and Acetic, Anhydride 
In a dry box, bis- (n-Cyclopentadienyl) -bis- 
(trif luoromethanesulf onato) molybdenum (0.275 g) was 
35 added to an oven dried 100 mL RB flask equipped with a 
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stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
5 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated , concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
0.77 g. GPC analysis: Mn = 15000, Mw = 21600, 
10 PD - 1.44 (PS STD • ) . 

EXAMPLE 144 
Preparation of Bis (trjfiuoromethane- 

sulfonato^ -bis facetvlacetonatel zirconium 
Zr(acac)4 (1.46 g, 3 mmol) was dissolved in CH2CI2 
15 (5 mL) . A solution of triflic acid (0.9 g, 6 mmol) in 
CH2CI2 (1 mL) was added to the Zr(acac>4 solution. The 
solution was stirred 2 hours at room temperature. The 
solvent was removed and 1.7 9 g of yellow solid was 
collected. 19 F NMR (CDCI3) : 5 -78.4; *H NMR (CDCI3) : 
20 8 2.15 (s) , 5.82 (broad). 

EXAMPLE 145 

Polymerization of THF with Bis (trif luoromethane- 
sulfonato^ -his (acetylacetonate) zirconium 

and Acetic Anhydride 
25 In a dry box, bis (trif luoromethanesulf onato) - 

bis (acetylacetonate) zirconium (0.50 g) was added to an 
oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
30 (10.00 mL) and acetic anhydride (1.00 mL) were added. 

Alter stirring for GO minutes the polymerization wa s 

terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
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dried under vacuum. Polymer Yield: 5.27 g. GPC 
analysis: Mn = 13400, Mw = 20200, PD = 1.51 (PS STD . ) . 

EXAMPLE 146 

Preparation of Yttrium Bis (trif luoromethane- 

5 sulfonate) -2 t 2, 6, 6-tetramethyl-3, 5-heptanedionate 

(t-Buacac) 3Y (0,64 g, 1 mmol) was dissolved in 
CH2CI2 (5 mL) . A solution of triflic acid (0.3 g, 
2 mmol) in CH2CI2 (1 mL) was added and the solution was 
stirred 2 hours at room temperature. The solvent was 
10 removed and a white solid was collected. X H NMR 
(CDCI3) : 8 1.2, 1.1 (broad s> ; 19 F NMR (CDCI3) : 
8 -78.4. 

EXAMPLE 147 

Polymerization of THF with Yttrium 
15 Bis ftrif luoromethanesulf onato) -2. 2. 6 P 6-tetra- 

methvl-3. 5-heotanedionate and Acetic Anhydride 
In a dry box, yttrium bis (trif luoromethane- 
sulfonato) -2,2, 6, 6-tetramethyl-3, 5-heptanedionate 
(0.50 g) was added to an oven dried 100 mL RB flask 
20 equipped with a stirring bar. The flask was sealed with 
a rubber septum and removed from the dry box. A 
nitrogen bleed was attached and THF (10.00 mL) and 
acetic anhydride (1.00 mL) were added. After stirring 
for 60 minutes the polymerization was terminated via the 
25 addition of water (25 mL)*, ether (25 mL) and THF 

(50 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer Yield: 1.26 g. GPC analysis: 
Mn = 17200, Mw = 25300, PD = 1.47 (PS STD.). 
30 EXAMPLE 148 

Preparation of Yttrium Trif luoromethane- 

sulfonato-bis (2,2,6, 5-tetraroethyl-3, 5= 
heptanedionate) 
(t-Buacac)3Y (0.64 g f 1 mmol) was dissolved in 
35 CH 2 C1 2 (5 mL) . A solution of triflic acid (0.15 g, 
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1 mmol) in CH2CI2 (1 mL) was added dropwise and the 
solution was stirred 2 h at room temperature. The 
solvent was removed and a white solid was collected. X H 
NMR (CDCI3) : 5 1.15, 1.02; 19 F NMR (CDCI3) : 5 -78.6 
5 (small, broad), -76.7. 

EXAMPLE 14 Q 

Polymerization of THF with Yttrium Trifluoro- 

methanesulfonato-bis (2 r 2 r 6 r 6-tetramethyl-3 r S- 
heptanedionatel and Arret ic An hydride 

10 In a dry box, yttrium trif luoromethanesulfonato- 

bis (2,2, 6, 6-tetramethyl-3, 5-heptanedionate) (0.50 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

15 attached and THF (10.00 mL) and acetic anhydride 

(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 

20 pressure and then dried under vacuum. Polymer Yield: 
0.18 g. 

EXAMPLE 15Q 
Preparation of VO(OTf ) n (OCHMe2) 3- n 

V(O) (OnPr)3 (1.2 g, 5 mmol) was dissolved in CH2CI2 
25 (30 mL) . Triflic acid (2.2 g, 15 mmol) was added 

dropwise to produce a dark red solution. The solvent 
was removed and a dark oil was produced. 

EXAMPLE 151 

Polymerization of THF with VP (OTf ) n (OCHMe2) 3-n 
30 and Acetic Anhydride 

in a dry box, VO (OTf ) n (OCHMe 2 ) 3-n (0.50 g) was added 

to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

35 attached and THF (10.00 mL) and acetic anhydride 
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(1.00 inL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL), ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
5 pressure and then dried under vacuum. Polymer Yield: 

6.07 g. GPC analysis: Mn - 4770, Mw =* 29110, PD - 1.91 
(PS STD . ) . 

EXAMPLE 152 

Preparation of Silicon Triflate 
10 SiCl4 (3 g, 17.6 mmol) was dissolved in CH2CI2 

(75 mL) and triflic acid (10.6 g, 70.7 mmol) was added 
dropwise. The mixture was stirred at room temperature 
over the weekend. The solvent was removed and 4.8 g of 
. brown liquid was collected. 19 F NMR (DMSO-d6) : 5 -76.4 

15 (intense), small broad peaks at -77.8 and -77.95. 

EXAMPLE 153 

Polymerization of THF with Silicon 
Triflate and Acetic Anhydride 
In a dry box, silicon triflate (0.50 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box- A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
25 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
7.76 g. GPC analysis: Mn - 1450, Mw - 3170, PD - 2.18 
30 (PS STD.) . 

EXAMPLE 154 
Polymerization of 1, 3-Dioxolane 

with Ytterbium Triflate 
In a dry box, ytterbium triflate (1.5 g) was added 
35 to an oven dried 100 mL RB flask equipped with a 
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stirring bar* The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of 
nitrogen bleeds 1, 3-dioxolane (10.00 mL) was added to 
the flask. After 60 minutes the polymerization was 
5 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting aqueous phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Yield: 8.89 g (no attempt was made 
to remove the catalyst from the polymer) . GPC analysis 

10 (PS STD . ) : Mn = 4170, Mw - 8550, PD - 2.05. 

EXAMPLE 155 
Polymerization of 1,3,5-Trioxane 
with Ytterbium Trif late 
In a dry box, ytterbium trif late (1.5 g) was added 

15 to an oven dried 100 mL RB flask equipped with a 
stirring bar. In a separate 100 mL RB flask 
1, 3, 5-trioxane (20.00 g) was added. The flasks were 
sealed with a rubber septum and removed from the dry 
box. To the flask containing the trioxane cyclohexane 

20 (20 mL) was added, and the resulting mixture heating to 
60°C via an oil bath until an homogeneous solution 
resulted. This solution (20.00 mL) was then added via 
syringe to the flask with ytterbium triflate at this 
temperature. The resulting mixture was then placed in 

25 an oil bath maintained at* 60°C . After 60 minutes, the 
polymerization was terminated by the addition of water 
(25 mL) and ether (25 mL) . The resulting solid was 
separated and dried under vacuum, giving 4.74 g of 
polymer. 

30 EXAMPLE 156 

Polymerization^ THF witE 
N-Acetylglycine and Ytterbium Triflate 

In a dry box, ytterbium triflate (10.00 g) and 
N-acetylglycine (2.00 g) were added to an oven dried 
35 100 mL RB flask equipped with a stirring bar. The flask 



WO 94/09055 



PCT/US93/09808 



86 

was sealed with a rubber septuih and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
(20.00 mL) was added via syringe. After 180 minutes the 
polymerization was terminated via the addition of water 
5 (25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
5.27 g (29.7%). GPC analysis: Mn ~ 20500, Mw = 43700, 
PD - 2.13 (PS STD.) . 

10 EXAMPLE 157 

Polymerization of THF with 
Nrftcetyl-PL-tryptophan and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) and 
N-acetyl-DL-tryptophan (1.00 g) were added to an oven 

15 dried 100 mL RB flask equipped with a stirring bar. The 
flask was sealed with a rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed 
THF (20.00 mL) was added via syringe.. After 26 hrs. 
the polymerization was terminated via the addition of 

20 water (25 mL) , THF (50 mL) and ether (25 mL) . The 

resulting organic phase was separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 7.13 g. GPC analysis: Mn » 40200, Mw = 92100, 
PD ~ 2.29 (PS STD.) . 



25 



WO 94/09055 



PCI7US93/09808 



87 

WHAT IS CLAIMED IS: 

1. A process for the polymerization of cyclic 
ethers, comprising, contacting one or more oxiranes, 
oxetanes, tetrahydrofurans f oxepanes, 1, 3-dioxolanes or 
5 1, 3, 5-trioxanes with a compound of the formula MZ a -Q t , 
and an accelerator selected from the group consisting of 
carboxylic acids whose pKa in water is less than 6, 
carboxylic anhydrides and acyl halides, wherein: 
M is a metal selected from the group 

10 consisting of cobalt, vanadium, niobium, tungsten, 

strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
rhodium, iridium, palladium, platinum, silver, gold, 

15 zinc, cadmium, mercury, aluminum, gallium, indium, 

thulium, germanium, tin, lead, arsenic, antimony and 
bismuth; 

at least one of 2 is an anion of the formula 
-OSO2R 5 , wherein R 5 is perf luoroalkyl containing 1 to 12 
20 carbon atoms or part of a fluorinated polymer wherein 
the carbon atoms alpha and beta to the sulfonate group 
are together bonded to at least four fluorine atoms, or 
tetraphenylborate, and the remainder of Z is oxo or one 
or more monovalent anions; 
25 s is 2 when M is strontium, barium, cobalt, 

rhodium, , iridium, palladium, platinum, chromium, zinc, 
cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
earth metal, arsenic, antimony, bismuth, gold, iron, 
30 ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

tantalum; 

35 s is 6 when M is tungsten; 
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Q is a neutral ligand; 
t is 0 or an integer of 1 to 6; 
and provided that each oxo group present as part of 
Z is considered to account for two of s . 

2. The process as recited in Claim 1 wherein said 
cyclic ether is one or more of said tetrahydrofurans, 
oxepanes, 1, 3-dioxolanes or 1, 3, 5-trioxanes . 

3. The process as recited in Claim 2 wherein M is 
a metal selected from the group consisting of strontium, 
barium, scandium, yttrium, the rare earth metals, 
titanium, zirconium, hafnium, chromium, molybdenum, 
tantalum, rhenium, iron, ruthenium, osmium, rhodium, 
iridium, palladium, platinum, silver, gold, zinc, 
cadmium, mercury, germanium, tin, lead, arsenic, 
antimony and bismuth. 

4. The process as recited in Claim 3 wherein said 
cyclic ether comprises the formula 



20 



25 



30 



H R> 
H X R< 



H- 



-H 



or 



A. 



wherein : 

each R 1 , R 2 , R 3 and R 4 is independently 
hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 
and 

n is 2 or 4 . 

5. The process as recited in Claim 4 wherein n is 
2 and R 1 , R 4 and all of R 2 and R 3 are hydrogen . 

6. The process as recited in Claim 4 wherein n is 
2 and R 1 and R 4 are each hydrogen, one of R 2 is hydrogen, 
the other R 2 is methyl, and both R 3 are hydrogen. 
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7. The process as recited in Claim 3 wherein R 5 
is trif luoromethyl or perf luoroalkyl . 

8. The process as recited in Claim 5 wherein M is 
strontium, scandium, yttrium, the rare earth metals, 

5 titanium, zirconium, hafnium, vanadium, niobium, 

tantalum, chromium, molybdenum, tungsten, rhenium, iron, 
ruthenium, palladium, copper, gold, zinc, tin, bismuth 
or mischmetall. 

9. The process as recited in Claim 1 carried out 
10 at a temperature of about -80°C to about 130°C. 

10. The process as recited in Claim 1 wherein said 
carboxylic acid is trif luoroacetic acid, formic, acetic, 
cyanoacetic, nitropropionic, acrylic, methacryllc acid, 
N-acetylglycine or N-acetyltryptophan . 
15 11. The process as recited in Claim 1 wherein said 

carboxylic anhydride is acetic anhydride or 
trif luoroacetic anhydride. 

12. A process for the depolymerization of a 
polyether to a tetrahydrofuran, comprising, contacting 
20 at a temperature of about 100°C to about 250°C, a 

polymer consisting essentially of one or more repeat 
units of the formula 

- Echr1cr 2 r3cr 2 r3chr 4 o]- 

with a compound of the formula MZ 3 -Q t , wherein: 
25 each R 1 , R 2 , r3 and R 4 is independently 

hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 

M is a metal selected from the group 
consisting of cobalt, vanadium, niobium, tungsten, 
strontium, barium, scandium, yttrium, the rare earth 
30 metals, titanium, zirconium, hafnium, chromium, 

mo lybdenum , t ant alum , — rhenium, — iron, — ruthenium, usmlum, 

rhodium, iridium, palladium, platinum, silver, gold, 
zinc, cadmium, mercury, aluminum, gallium, indium, 
thulium, silicon, germanium, tin, lead, arsenic, 
35 antimony and bismuth; 
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at least one of Z is an anion of the formula 
"OSO2R 5 , wherein R 5 is perf luoroalkyl containing 1 to 12 
carbon atoms or part of a f luorinated polymer wherein 
the carbon atoms alpha beta to the sulfonate group are 
5 together bonded to at least four fluorine atoms, or 

tetraphenylborate, and the remainder of 2 is oxo or one 
or more monovalent anions; 

s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 
10 cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
earth metal, arsenic, antimony, bismuth, gold, iron, 
ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
15 molybdenum, silicon, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
20 t is 0 or an integer of 1 to 6; 

and provided that each oxo group present as part of 
2 is considered to account for two of s. 

13. The process as recited in Claim 12 wherein R 1 
and R 4 are each hydrogen, and all of R 2 and R 3 are 

25 hydrogen, 

14. The process as recited in Claim 12 wherein R 1 
and R 4 are each hydrogen, one of R 2 is hydrogen, the 
other R 2 is methyl, and both R 3 are hydrogen. 

15. The process as recited in Claim 12 wherein R 5 
30 is trifluoromethyl. 

^6. The process as recited in Claim 12 wherein 
said temperature is about 130°C to about 200°C. 

' 17. The process as recited in Claim 12 wherein 
said compound of formula MZ S -QT is about 1 to about 3% 
35 by weight of said polyether. 
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18. The process as recited in Claim 12 wherein M 
is strontium, scandium, yttrium, the rare earth metals, 
titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, chromium, molybdenum, tungsten, rhenium, iron, 

5 ruthenium, palladium, copper, gold, zinc, tin, bismuth 
or mischmetall. 

19, The process as recited in Claim 1 wherein all 
of 2 is an anion of the formula -OSO2R 5 , and wherein R 5 
is trif luoromethyl . 

10 20. The process as recited in Claim 12 wherein all 

of 2 is an anion of the formula ~OS02R 5 , and wherein R 5 
is trif luoromethyl . 



